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Abstract 
The southeast Castle Dome Mountains of southwest Arizona record the Mesozoic 
to Cenozoic geologic evolution of the Southwest. The age and tectonic setting of the 
informally named metasedimentary and metavolcanic rocks of Slumgullion have 
occasioned considerable debate, although some previous researchers have postulated a 
Jurassic age. Possible correlatives to the rocks of Slumgullion include the McCoy 
Mountains Formation of southeast California and southwest Arizona and the 
Winterhaven Formation of southeast California. 
Within the rocks of Slumgullion detrital zircon ages were obtained from various 
metasedimentary units, including quartz arenites, arkosic sandstones, and a lithic arenite, 
in order to place constraints on depositional age and provenance. Primary igneous zircon 
ages were also determined for a metadacite from the base of the rocks of Slumgullion and 
from a monzogranite, which previous workers interpreted as having intruded the rocks of 
Slumgullion. 
Ages from U-Pb zircon dating reveal the base of the Slumgullion may be Jurassic 
(youngest zircon ca. 160 Ma), but the top of the sequence is no older than latest 
Cretaceous (three 78-77 Ma zircons). The metadacite and monzogranite appear to be 
older than the metasediments and likely represent the depositional basement to the 
Slumgullion sedimentary basin. After deposition of the latest Cretaceous Slumgullion 
unit, the monzogranite (158 Ma average crystallization age) was faulted over the former.  
Age peaks on probability density plots show that quartz arenites from the rocks of 
Slumgullion have similar source regions as the basal McCoy Mountains Formation and 
the Winterhaven Formation. This age signature is also similar to that of the Jurassic ergs 
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from the Colorado Plateau. The quartz arenites within the rocks of Slumgullion thus 
indicate the derivation of sediment from relatively distant source regions. The less mature 
sandstones in the rocks of Slumgullion represent a different history as indicated by the 
fact that their sediment is locally derived.  
The Orocopia Schist, which is widely viewed as a subduction complex, was also 
studied from the Castle Dome Mountains. U-Pb detrital zircon data obtained from two 
quartzofeldspathic samples of the schist are consistent with previous results implying a 
depositional age of Latest Cretaceous-earliest Paleogene. Results from 40Ar/39Ar 
thermochronology are also consistent with previous studies. Muscovite ages of ca. 42 Ma 
from both the Orocopia Schist and upper plate gneiss indicate that slip had occurred on 
the Chocolate Mountains fault system by this time. There is an ~20 m.y. difference in 
biotite 40Ar/39Ar ages between the Orocopia Schist and gneiss, but that can be explained 
by reheating due to Miocene volcanism.  
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Introduction 
This project involved a study of the southeast Castle Dome Mountains of 
southwest Arizona. The region lies on the southwest edge of the North American craton 
and during the Paleozoic comprised a passive continental margin (Dickinson, 1981a). A 
change in plate motions in the late Paleozoic or early Mesozoic led to the development of 
arc magmatism and associated sedimentation that lasted through most of the Mesozoic 
(Tosdal et al., 1989). In the latest Mesozoic or early Cenozoic the region was underplated 
by a probable subduction complex, the Orocopia Schist (Grove et al., 2003). It is the 
Mesozoic and younger rocks that are of interest here. In the Castle Dome Mountains 
these units occur in several structural plates with the schists in the deepest level 
(Grubensky et al., 1993; Haxel et al., 2002). The concern of this study was on 
understanding the origin of the rocks within the plates as well as the nature of the faulting 
that brought the various plates together. These relations are important because they are 
repeated in a number of ranges in southwest Arizona and southeast California and thus 
represent major tectonic events. 
The main Mesozoic unit studied here is the informally named rocks of 
Slumgullion. The rocks of Slumgullion are composed of metasediments and 
metavolcanics with the latter at the base. Haxel et al. (1985) considered the rocks of 
Slumgullion to be most likely Middle and/or Late Jurassic in age, but possibly as young 
as Cretaceous. The rocks of Slumgullion are generally correlated with the Winterhaven 
Formation and McCoy Mountains Formation of southeast California and southwest 
Arizona, which are Jurassic and/or Cretaceous (Harding and Coney, 1985; Haxel et al., 
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1985; Barth et al., 2004). If the rocks of Slumgullion and correlatable units are Jurassic, 
then formation occurred in an intra-arc setting possibly related to regional extension in 
the southwest United States and northwest Mexico. If the rocks of Slumgullion are 
Cretaceous, then they probably represent a foreland basin. This study examined 
petrography from all parts of the Slumgullion. Detrital zircons from metasediments and 
igneous zircons from metavolcanics were collected and dated from the Slumgullion. The 
plutonic part of the Jurassic sequence was also investigated by petrography and zircon 
dating. 
The Orocopia Schists are part of a larger terrane which includes the Rand and 
Pelona Schists of southern California. Although the origin of the Orocopia Schist is 
debated, it most likely formed in a subduction zone. In the Castle Dome Mountains and 
adjacent ranges, the schists sit structurally beneath gneisses that presumably represent the 
base of the Mesozoic arc. Faults bounding the schists are probably related to exhumation 
and could be involved with middle Cenozoic extension. However, they could also be 
early Cenozoic structures that formed synchronously with subduction. Detrital zircons 
were dated to help understand the age and provenance of the Orocopia Schist. 40Ar/39Ar 
cooling ages from the Orocopia Schist and overlying gneisses were used to constrain 
timing of movement on the faults. 
A final task of the thesis was to create a georeferenced, digital geologic map of 
the study area based on the work of Grubensky et al. (1993). A georeferenced map would 
allow data points, such as detrital zircon ages, zircon crystallization ages, and 40Ar/39Ar 
cooling ages, to be plotted using GPS coordinates taken directly from the field. 
 
 3 
Regional Background 
The following provides a brief overview of the geologic history of the region. The units 
described in this section were either studied in the Castle Dome Mountains, are 
correlatives to units studied in the Castle Dome Mountains, or may have provided 
sediment to the rocks that were studied.  
Proterozoic Igneous and Metamorphic Terranes 
 Proterozoic terranes represent a possible source for zircons in samples collected 
from the Castle Dome Mountains. By knowing the ages of the terranes and their 
locations, Proterozoic detrital zircons reveal sediment provenance and transport 
directions. 
Precambrian terranes (Fig. 1) of the North American craton are the oldest rocks in 
the region of southeast California and southwest Arizona (Ehlig, 1981; Powell, 1993). 
Three Proterozoic events are recognized in the region. The first event is represented by 
quartzofeldspathic gneiss and migmatite, amphibolite, and granitic rocks. These rocks 
indicate a major intrusive and metamorphic event at ca. 2.0–1.7 Ga (Silver, 1971; 
Crowell, 1981; Ehlig, 1981; Barth et al., 2000, 2001b). The second event is the 
“anorogenic” event at 1.5–1.4 Ga, which in Arizona is characterized mainly by two-mica 
granites and biotite-hornblende granites (Anderson and Bender, 1989). The third event 
occurred at approximately 1.2 Ga when an anorthosite-syenite-gabbro suite was 
emplaced in the region (Silver et al., 1963; Silver 1971; Crowell, 1981; Ehlig, 1981; 
Barth et al., 1995, 2001b). 
  
 
 
 
 
 
 
Fig. 1. Pre-Miocene reconstruction of southern California and adjoining areas modified from Grove et al. (2003). Outlined region includes the 
Castle Dome Mountains and nearby ranges that include rocks similar to the metasedimentary and metavolcanic rocks of Slumgullion. 
 
Abbreviations: Faults: Ef – Elsinore fault; EHF – East Huasna fault; Gf – Garlock fault; Nf – Nacimiento fault; Rf – Rinconada fault; SAf – 
San Andreas fault; SGf – San Gabriel fault; SGHf – San Gregorio-Hosgri fault; SJf – San Jacinto fault; SYf – Santa Ynez fault.  
Pelona-Orocopia-Rand Schist bodies: BR – Blue Ridge; CD – Castle Dome Mountains; CH – SE Chocolate Mountains; EF – East Fork; MP 
– Mount Pinos; NR – Neversweat Ridge; OR – Orocopia Mountains; PR – Portal Ridge; RA – Rand Mountains; SC – Santa Catalina Island; 
SE – San Emigdio Mountains; SP – Sierra Pelona; SS – Sierra de Salinas; TR – Trigo Mountains. 4 
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Paleozoic Passive Margin Sequence 
 The Castle Dome Mountains are located on the edge of the Laurentian craton 
where the Cordilleran platformal sequence should be present (Dickinson and Lawton, 
2001). No sediments representing this sequence are present in the Castle Dome 
Mountains, although Lower Paleozoic sedimentary rocks are present in nearby ranges to 
both the north and south. These rocks are considered to have been a source of sediment 
for the Pelona-Orocopia Rand (POR) Schists (Jacobson, 2008, personal communication) 
and could have contributed to the rocks of Slumgullion as well. 
 Views on the Laurentian margin during the early Paleozoic vary, but according to 
Goetz and Dickerson (1985), the boundary between the Laurentian craton and Mexico 
was controlled by a transform fault. Dickinson (2000) and Dickinson and Lawton (2001) 
further proposed that during the latest Paleozoic-earliest Mesozoic the California-
Coahuila transform truncated the Mexican margin of the Laurentian craton causing 950 ± 
25 km of left-lateral movement.  
Mesozoic Arcs 
The proposed continental truncation described in the previous section was 
followed by the development in the early Mesozoic of a magmatic arc trending 
northwest-southeast through California and Arizona. The arc developed during oblique 
subduction of an oceanic plate beneath North America (Tosdal et al., 1989; Fackler-
Adams et al., 1997). The oldest (Triassic) phases of this arc are widespread but not 
volumetrically abundant. In contrast, Jurassic granitoids (~170–155 Ma) are the most 
extensive rocks of the Sonoran Desert region of southern Arizona and adjacent California 
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and Sonora (Fig. 1; Tosdal et al., 1989). These granitoids represent middle and upper 
crustal levels of the Mesozoic Cordilleran magmatic arc (Haxel et al., 2002).  
The volcanic levels of the Jurassic Cordilleran magmatic arc are considered part 
of the regionally extensive Dome Rocks sequence of Tosdal et al. (1989). The bulk of the 
Dome Rock sequence is composed of rhyolitic to dacitic ash-flow tuff, tuff flows, and 
subvolcanic or hypabyssal porphyry, with quartz porphyry occurring as the single most 
common lithology (Tosdal et al., 1989).  
An Early to middle Cretaceous arc related to subduction of the Farallon plate was 
well developed along the continental margin west of the Castle Dome area (Stern et al., 
1981; Chen and Moore, 1982). During the latest Cretaceous to early Cenozoic Laramide 
orogeny, the arc swept eastward through southwest Arizona (Coney and Reynolds, 1977). 
Magmatic rocks of this age occur in ranges surrounding the Castle Dome Mountains 
(Grove et al., 2003), but have not been identified within the range itself. 
Mesozoic Basins 
Mesozoic basins including metasedimentary and metavolcanic units are 
widespread in southeast California, southwest Arizona, and Northwest Sonora and are 
thought to be correlated. Haxel et al. (1985) suggested that the rocks of Slumgullion in 
the Castle Dome Mountains correlate to the Jurassic(?) and Cretaceous Winterhaven and 
McCoy Mountains Formations of southeast California and southwest Arizona (Fig. 2; 
Harding and Coney, 1985; Barth et al., 2004).  
  
 
 
 
 
 
 
 
Fig. 2. Configuration of McCoy basin (California-Arizona). Rocks of Slumgullion (red) - equivalent strata include the McCoy Mountains 
Formation (yellow and brown) and Winterhaven Formation (blue). Modified from Dickinson and Lawton (2001). 
 
Localities: BR – Black Rock Hills; CD – Castle Dome Mtns.; CH – Chocolate Mtns.; CM – Coxcomb Mtns.; DR – Dome Rock Mtns.; GW – 
Granite Wash Mtns.; LHa – Little Harquahala Mtns.; LHi – Livingston Hills; MiM – Middle Mtns.; MM – McCoy Mtns.; NR – Neversweat 
Ridge; NW – New Water Mtns.; PaM – Palen Mtns.; RH – Red Hills; sPM – southern Plomosa Mtns.; TR – Trigo Mtns. 
7 
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McCoy Basin and McCoy Mountains Formation 
Roughly 110 km north of the Castle Dome Mountains lies the McCoy basin (Fig. 
2). The McCoy basin extends from southwestern Arizona into southeastern California 
and includes the Jurassic(?) and Cretaceous McCoy Mountains Formation (Harding and 
Coney, 1985; Barth et al., 2004). The McCoy Mountains Formation consists of 
metasedimentary and metavolcanic rocks and rests depositionally upon the Dome Rock 
Sequence. 
The McCoy basin is bounded by the Mule Mountains thrust system on the south 
and the Maria fold and thrust belt on the north (Fig. 2; Harding and Coney, 1985). The 
Mule Mountains thrust, which has an exposed strike length of 100 km, places Proterozoic 
and Mesozoic middle and upper crustal metamorphic and plutonic rocks over cratonal 
supracrustal rocks (Tosdal, 1990). Movement along the Mule Mountains thrust system 
occurred between 79±2 Ma and 70±4 Ma, probably related to the Laramide orogeny 
(Tosdal, 1990). The Maria fold and thrust belt is a 250-km-segment of deformation 
within the Mesozoic Cordilleran thrust belt of western North America which strikes along 
an east-west trend (Reynolds et al., 1986). The Maria fold and thrust belt is somewhat 
older than the Mule Mountains thrust system. Richard et al. (1998) obtained a 40Ar/39Ar 
age of 79.3±0.4 Ma for a pluton that crosscuts the Maria fold and thrust belt (Dickinson 
and Lawton, 2001).  
The original size of the McCoy basin is unknown. Dickinson and Lawton (2001) 
suggested that the McCoy basin may comprise the northwesternmost extent of the Bisbee 
basin of southern Arizona, southwestern New Mexico, and adjacent parts of Sonora and 
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Chihuahua. The Bisbee basin formed as a result of mid-Jurassic intracontinental rifting 
(Bilodeau, 1979, 1982) attributed to rollback of an oceanic plate (the Mezcalera plate) 
subducting northeastward beneath the southern margin of North America (Dickinson and 
Lawton, 1999, 2001; Lawton and McMillan, 1999). Much of the sedimentation in the 
Bisbee basin occurred during post-rifting thermal subsidence. In Late Cretaceous time, 
the Bisbee and McCoy basins were disrupted by deformation related to migratory 
Laramide magmatism (Dickinson and Lawton, 2001). Although sedimentation in the 
Bisbee basin was finished by this time, the Laramide event caused sedimentation to shut 
off in the McCoy basin.  
Winterhaven Formation 
The Winterhaven Formation consists of metasedimentary and metavolcanic rocks 
and is located in southeasternmost California and southwestern Arizona. The 
Winterhaven Formation occurs within the upper plate of a low-angle fault system that is 
probably latest Paleogene-earliest Neogene in age (Jacobson et al., 2002). The faults 
include the Sortan fault, found in the Picacho-Peter Kane Mountain area of 
southeasternmost California and the Middle Mountains of southwestern Arizona, and the 
Gatuna fault in the Gavilan Hills of southeasternmost California (Fig. 2; Haxel et al., 
2002). The Winterhaven Formation is typically depositional upon the Dome Rock 
sequence. 
The Winterhaven Formation has generally been correlated with the lower part of 
the McCoy Mountains Formation, implying a Middle and/or Late Jurassic age (Haxel et 
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al., 1985). However, recent detrital zircon studies indicate that much of it may be 
Cretaceous (Barth, 2008, personal communication). 
Rocks of Slumgullion 
The rocks of Slumgullion are low-grade metasedimentary and metavolcanic rocks 
found in the Castle Dome Mountains and Neversweat Ridge (Fig. 2). They were first 
studied in detail and named by Haxel et al. (1985) who considered that they were most 
likely Middle and/or Late Jurassic in age, but possibly as young as Cretaceous. The rocks 
of Slumgullion were described by Haxel et al. (1985) as containing large amounts of 
rhyodacitic volcanic rocks and coarse conglomerate and sedimentary breccia. Jurassic 
volcanic rocks are present at the base of the Slumgullion. These are probably equivalent 
to the units that in the areas of the McCoy Mountains and Winterhaven Formations have 
been broken out separately as the Dome Rock sequence. 
The rocks of Slumgullion, similar to the Winterhaven Formation, occur within the 
upper plate of a low-angle fault system that is probably latest Paleogene-earliest Neogene 
in age (Jacobson et al., 2002). In the Castle Dome Mountains, the fault is called the Big 
Eye fault. 
Pelona-Orocopia-Rand (POR) Schists 
During the Late Cretaceous to earliest Paleogene, the Orocopia Schist was 
emplaced. The Orocopia Schist and its correlatives are metamorphosed graywacke-chert-
basalt assemblages that crop out discontinuously along a 500-km belt from the southern 
Coast Ranges to Neversweat Ridge in southwestern Arizona (Fig. 1; Haxel and Dillon, 
1978; Ehlig, 1981; Haxel et al., 2002). Correlatives to the Orocopia Schist include the 
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Pelona, Rand, and Catalina Schists, and the schists of Portal Ridge and Sierra de Salinas. 
Most workers consider that the schists were underthrust beneath North America during 
the Laramide orogeny, when there was shallow subduction of the Farallon plate (Crowell, 
1968, 1981; Yeats, 1968; Burchfiel and Davis, 1981; Dickinson, 1981b; May, 1986; 
Hamilton, 1987, 1988; Malin et al., 1995; Jacobson et al., 1996, 2002, 2007; Wood & 
Saleeby, 1997; Yin, 2002; Grove et al., 2003; Saleeby, 2003; Kidder and Ducea, 2006; 
Saleeby et al., 2007; Jacobson, 2008). Subduction and faulting placed the Orocopia Schist 
against overlying Precambrian to Mesozoic igneous and metamorphic rocks (Grove et al., 
2003). 
Outcrops of the Orocopia Schist are found only along the Chocolate Mountains 
anticlinorium in southwestern Arizona and southeastern California. The Chocolate 
Mountains anticlinorium extends for 130 km and, while its origin is unknown, the age is 
most likely middle Cenozoic (Haxel et al., 2002). 
A structure that helped exhume the Orocopia Schist is the Vincent-Chocolate 
Mountains fault system. Some of the faults in this system were at one time thought to be 
part of the original thrust responsible for emplacement of the schists; however, more 
recent evidence suggests most were normal faults active during early to middle Cenozoic 
time and responsible for exhumation of the schists (Haxel et al., 1985, 2002; Silver and 
Nourse, 1986; Jacobson et al., 1988, 2002; Malin et al., 1995; Jacobson, 1997; Wood and 
Saleeby, 1997; Yin, 2002). 
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Cenozoic Sequences 
Middle Cenozoic volcanic rocks are present in southwestern Arizona (Haxel et 
al., 2002). They range in composition from calcalkaline and alkali basalt to high-silica 
and alkali rhyolite, and are late Oligocene to early Miocene (ca. 28 or 26–20 Ma) in age 
(Grubensky et al., 1993, 1995; Bagby et al., 1987; Sherrod and Tosdal, 1991; Grubensky 
and Bagby, 1990; Sherrod and Hughes, 1993; Richard, 1993a, 1993b; Spencer et al., 
1995). Rhyolitic ash-flow tuffs are the most voluminous middle Cenozoic igneous rocks 
in southwestern Arizona (Haxel et al., 2002). 
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Methods 
Field Methods 
 Field work was conducted in December 2006. Hand samples were collected based 
on rock type, mineral presence, mineral abundance, and degree of mineral weathering. 
Sample locations were recorded with GPS using the North America 1927 datum (NAD 
27) and plotted on topographic maps. Samples were collected for petrographic analysis, 
40Ar/39Ar mineral dating, and U/Pb zircon dating.  
Petrology 
Thin sections were prepared and petrology was determined for each sample. 
Relative abundances of minerals were estimated visually. Metavolcanic and plutonic 
rocks were named using Streckeisen’s (1974, 1978) Quartz, Alkali feldspar, Plagioclase, 
Feldspathoid (QAPF) diagrams. Metasedimentary rocks were named using the QFL 
diagram of Folk (1968). 
Geochronology 
40Ar/39Ar Geochronology 
Mineral separates of hornblende, muscovite, biotite, and potassium feldspar for 
40Ar/39Ar geochronology were prepared from selected samples. All rock samples were 
crushed, using a jaw crusher and disc mill, and sieved. Muscovite and biotite were 
prepared by placing sieved material on a sheet of paper and tilting it until the non-layer 
silicates rolled off. Micas were then run through a Frantz magnetic separator and finally 
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handpicked. Potassium feldspar was prepared from the sample material using heavy 
liquids before being handpicked. Hornblende was separated from the sieved material 
using the Frantz magnetic separator, and occasionally heavy liquids, and then 
handpicked. 
Mineral samples were wrapped in copper foil before being placed in a sample 
holder. The holder is 4–5 inches long with four circular openings to place the samples in 
on each end. In the middle of the holder is a disc which separates the two ends from each 
other. Samples with a known age (flux monitors) were also wrapped in foil and placed at 
the beginning and end of each opening, and after every six mineral samples. A maximum 
of 30 samples were placed in each opening. At this point, the argon sample holder was 
sent off for neutron irradiation at the University of Michigan.  
Samples were to be analyzed at the noble gas laboratory in the Department of 
Earth and Space Sciences at the University of California, Los Angeles. Unfortunately, the 
analyses could not be completed within the time frame of this study due to technical 
problems at the facility. Nonetheless, the standard analytical procedure is as follows. 
Mineral samples are heated in steps which allow gases to be released at each temperature. 
A mass spectrometer is used to measure the ratio of 40Ar and 39Ar released from the 
sample at each temperature step. The flux monitors are used to determine the J factor, 
which establishes a relationship between age and measured 40Ar/39Ar. The J values are 
plotted as a function of position in the sample holder. From this J value plot, the 40Ar/39Ar 
ratios are interpolated and used to determine the apparent ages of the respective minerals. 
Closure temperatures for the following minerals are assumed to be: Hornblende – 525 °C 
± 50 °C, muscovite – 400 °C ± 50 °C, and biotite – 350 °C ± 50 °C (McDougall and 
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Harrison, 1999). Potassium feldspar records a continuous thermal history from ~350 °C 
to ~150 °C and is modeled using the multidiffusion domain technique (Lovera et al., 
1991, 1997, 2002). 
Although no new 40Ar/39Ar ages were determined here, we do report three 
muscovite and two biotite ages for this area determined previously (Jacobson, 2008, 
personal communication). Three of these ages have been reported by Grove et al. (2003), 
although without discussion of the structural context. The other two ages have not 
previously been published. 
LA-MC-ICPMS 
A laser ablation, multi-collector, inductively-coupled plasma mass spectrometer 
(LA-MC-ICPMS) at the University of Arizona was used to obtain U-Pb ages of zircons 
from igneous samples and detrital zircons from metasedimentary samples. Zircons were 
extracted from samples using a jaw crusher, disc mill, heavy liquids, and a Frantz 
magnetic separator. To make a zircon mount, double-sided tape was placed on a glass 
plate. The zircons were manually placed onto the tape or poured into an aluminum die 
placed on the tape. Two different standards of known ages were placed onto the tape as 
well. The primary standard was SL2, which is the standard generally used at the 
University of Arizona facility for zircon analyses, whereas the secondary standard was 
49127 (Kimbrough, 2008, personal communication). A 25-mm diameter phenolic ring 
was placed on the tape centered over the sample area. Epoxy was poured into the ring 
and, when hardened, the mounts were polished until grains were exposed. Standards were 
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measured every 5 ages for detrital zircons and every 4 ages for igneous zircons to ensure 
accuracy of the instrument and make corrections throughout the analysis.  
Grains were selected for analysis randomly from all sizes and shapes. A 35 
micrometer diameter laser beam was used to ablate the zircon grains, except for one fine-
grained sample for which a 25 micrometer diameter beam was used. The ablated material 
was removed by helium gas and mixed with argon gas before entering the ICPMS. In the 
ICPMS, multiple collectors measured the abundances and ratios of U, Th, and Pb. To 
determine if zircon grains contained metamorphic overgrowths, the Th/U ratio was 
examined. Zircons that have undergone metamorphic recrystallization are commonly 
found to have a Th/U ratio of <0.1 (Kroner et al., 1994; Carson et al., 2002; Mojzsis and 
Harrison, 2002; Rubatto, 2002; Grove et al., 2003). All samples with a ratio less than 0.1 
were thrown out of our data. Data reduction was conducted using “agecalc,” an Excel 
spreadsheet with Visual Basic (VBA) macros (Gehrels and Ruiz, in review). Detrital 
zircon age ranges were displayed using relative probability curves made in Isoplot 3.0 
(Ludwig, 2005). 
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ArcGIS Geologic Map 
One goal of the thesis was to create a digital geologic map of the study area based 
on the 1:62,500 scale United States Geological Survey map of the Castle Dome 
Mountains by Grubensky et al. (1993). The intention was to create a georeferenced map 
on which data points from field work could be plotted from GPS coordinates. Plotted data 
were to include detrital zircon ages, zircon crystallization ages, and 40Ar/39Ar cooling 
ages. 
The part of the Grubensky et al. (1993) map relevant to this study was mapped by 
Gordon Haxel between 1983 and 1985. This region was scanned and imported into 
ArcGIS to serve as a template for digitizing the geologic features. Before digitizing, the 
scanned map was referenced with the 1:24,000 USGS topographic base of Yuma County, 
Arizona imported from the USDA:NRCS Geospatial Data Gateway website 
(http://datagateway.nrcs.usda.gov/GatewayHome.html). Reproducible points such as 
peaks, trails, and UTM coordinate lines were matched up between the scanned and 
reference maps. Using the georeferencing tool in ArcGIS, twelve points were matched up 
between the maps, and the scanned map was stretched and distorted to fit the reference 
map. The geologic map was transformed using a 2nd order polynomial equation. The 
average RMS error for the 12 control points was 9.1 meters. Unfortunately, fitting the 
geologic and reference maps together was problematic, as the topographic lines were 
hard to see on both maps, both maps used different topographic intervals, and the 
geologic map was a photocopy of a folded original. However, the biggest problem is that 
the study area is near the boundary of UTM zones 12N and 13N, causing obvious offset 
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errors in the referenced Yuma County map. This error is present in every map of the 
study area I’ve observed, including the National Geographic TOPO!™ map. Errors 
caused by the offsets at the UTM boundary did not allow us to match up points properly 
between the geologic map and the Yuma County map. In the end, the digitized map was 
georeferenced and shows the general relationships between rock units (Fig. 3), but offset 
errors are easily seen. 
Following georeferencing, contacts and faults were digitized using polylines. 
Geologic units were drawn using polygons and digitized by tracing the corresponding 
polylines (contacts and/or faults). Labeling and coloring of units followed the scheme of 
Grubensky et al. (1993). 
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Geologic Units in the Southeast Castle Dome Mountains 
 The deepest structural level in the southeast Castle Dome Mountains is 
represented by the Orocopia Schist. To the northwest, successively higher structural 
levels include the gneiss, rocks of Slumgullion, Jurassic monzogranite, and Cenozoic 
volcanics. To the south, the schist is overlain by gneiss similar to that on the northwest. 
The rocks of Slumgullion, however, are missing in the south. Instead, the gneiss in the 
latter area is overlain by granitoids that are undated but probably Jurassic or Cretaceous 
in age. Structurally highest to the south are Cenozoic volcanics. Three low-angle faults or 
fault systems are present in the southeast Castle Dome Mountains. In ascending structural 
sequence, these are the Chocolate Mountains fault system, the Big Eye fault, and faults 
involving early Miocene breccia and volcanic rocks (Haxel et al., 2002). 
Orocopia Schist 
The Orocopia Schist is exposed in a north-south domal structure that comprises the 
deepest exposed level in the Castle Dome Mountains, consistent with the structural 
setting of the POR schists throughout their area of exposure. In studying the Orocopia 
Schist in the Castle Dome Mountains, there were three primary goals: (1) to analyze 
structures within the schists to help understand the nature of the faults with overlying 
units; (2) to collect samples for 40Ar/39Ar analysis to assist in constraining the timing of 
faulting on the Chocolate Mountains fault system and Big Eye fault; and (3) to collect 
samples for detrital zircon U-Pb dating to help constrain the depositional age and 
provenance of the schist protolith. 
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Fig. 3. ArcGIS geologic map of the southeast Castle Dome Mountains. Legend on next page. 
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 22 
All collected schist samples have a quartzofeldspathic composition. No 
metabasalt or metachert was recognized. Main minerals in the schist are quartz, 
plagioclase feldspar, potassium feldspar, biotite, and muscovite. Epidote, calcite, chlorite, 
and titanite are present in minor amounts in a few samples.  
Petrographically, samples range from those that show little deformation after 
formation of the original schist texture to ultramylonites. The most highly-sheared 
samples are from near the contact with the overlying Mesozoic gneiss. Samples with little 
to no mylonitic overprinting were located farther below the gneiss contact. A sample 
collected from the contact with the rocks of Slumgullion had little deformation as well. 
Most of the quartz shows varying degrees of deformation subsequent to the main 
prograde metamorphism, including undulatory extinction (Fig. 4A), subgrain formation, 
and development of monocrystalline ribbon texture (Fig. 4B). Feldspars form inclusion- 
filled porphyroblasts (Fig. 4C) and, in mylonitic samples, tend to be fractured. Micas are 
weathered throughout the schist. Fishtail micas are present in mylonitic samples (Fig. 4D) 
whereas more rectangular grains are present in less deformed schists. Shear bands are 
common in the relatively mylonitic samples (Fig. 4D). 
Late overprinting deformation in the schist seems to vary by composition of the 
samples. Schists with less mica show less shearing than samples with more mica. Several 
samples indicate fairly low-temperature deformation by the presence of foliated light-
brown biotite (Guidotti, 1984). There is also evidence of biotite replacement by chlorite.  
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Fig. 4. Photomicrographs of textural features of the Orocopia Schist (A-D) and gneiss (E):  
A. undulatory extinction in quartz, sample KE16; B. monocrystalline quartz ribbon, sample 
KE16A; C. inclusion filled feldspar porphyroblast, sample KE34; D. shear bands and mica fish in 
mylonitic sample, sample KE18. E. monocrystalline quartz ribbon, sample KE28. 
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Gneiss 
A thin slice of gneisses with diverse compositions sits structurally above the 
Orocopia Schist along the Chocolate Mountains fault system. The gneisses are exposed in 
two separate areas, one on the west side of the Orocopia Schist, the other to the south of 
the schist. The Big Eye fault separates the gneisses from the overlying rocks of 
Slumgullion on the west side of the schist. The gneisses to the south of the schist are 
overlain by granitoid rocks of undetermined age (below). 
The gneisses appear to be derived largely or completely from igneous protoliths. 
They have not been dated but are assumed to be largely Jurassic based on the widespread 
distribution of known Jurassic igneous rocks in the region. However, Proterozoic and/or 
Triassic ages are also possible (Haxel et al., 2002). Samples of gneisses were collected 
for 40Ar/39Ar thermochronology to help constrain timing of faulting and to analyze in thin 
section. Thin sections were examined to help understand the nature of the contacts with 
the Orocopia Schist and the rocks of Slumgullion.  
Samples were collected from nearly a dozen locations, including near the schist, 
granite, and Slumgullion contacts, and in the middle of the outcropping gneiss bodies. 
Some samples show evidence of deformation after the initial gneiss texture formed. Some 
underwent ductile shearing while others were brittlely deformed. Gneiss samples can be 
divided into three main types: (1) felsic gneisses, (2) biotite-rich gneisses, and (3) augen 
gneisses. 
Quartz, plagioclase feldspar, and potassium feldspar are major minerals in the 
felsic gneisses. Some of the felsic gneisses contain modest amounts of muscovite, biotite, 
and epidote. Biotite-rich gneisses contain quartz, plagioclase feldspar, potassium 
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feldspar, biotite, and epidote. Minor amounts of muscovite are present in a few biotite-
rich gneisses. Augen gneisses contain large potassium feldspar porphyroclasts and 
abundant amounts of plagioclase feldspar, quartz, and muscovite. Biotite, epidote, 
chlorite, calcite, and titanite are present in minor amounts.  
Monocrystalline quartz ribbons are present in many of the gneiss samples (Fig. 
4E). Feldspar content varies from nearly all plagioclase feldspar to nearly all potassium 
feldspar. Most of the porphyroclasts are fractured into smaller pieces. Even in gneisses 
that exhibit dominantly ductile deformation, feldspars behaved in a mostly brittle fashion. 
However, some feldspar in gneisses that have been ductilely sheared are rotated and 
locally stretched. Plagioclase feldspar is variably sericitized. Micas are variably 
weathered, and textures range from undeformed grains to mica fish. Epidote is typically 
fragmented.  
The quartz ribbons indicate a high level of ductile strain, most likely after 
prograde metamorphism. Retrograde metamorphism is also revealed in some samples by 
the presence of chlorite after biotite. Some of the chlorite is nearly colorless while some 
of the biotite is very light brown.  
Mesozoic Granitoids 
 Granitoids of known or inferred Mesozoic age are present in both the northwest 
and southeast ends of the study area. Samples were collected for thin-section analysis and 
for 40Ar/39Ar thermochronology to help constrain of the ages of the faults that bound 
these units. Granitoid samples were also collected for U-PB zircon dating to determine 
age of pluton emplacement. 
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Jurassic Monzogranite 
A body of monzogranite to granodiorite is present at the northwest end of the 
study area and is thought to be part of the Jurassic Kitt Peak-Trigo Peaks suite of Tosdal 
et al. (1989). It is in contact with the rocks of Slumgullion. Grubensky et al. (1993) and 
Haxel et al. (2002) interpreted the contact as intrusive. However, U-Pb dating conducted 
in this study indicates that the rocks of Slumgullion are at least in part younger than the 
monzogranite, and the contact is here interpreted as a fault. 
Two samples were collected from the above body, one of monzogranite and one 
of granodiorite. Both are from near the contact with the rocks of Slumgullion and are 
cataclasized, consistent with the contact being a fault. The monzogranite and granodiorite 
both consist of plagioclase feldspar, potassium feldspar, and quartz. The monzogranite 
has large grains whereas the granodiorite consists of small, broken grains. Sericitization 
of feldspar grains and the presence of chlorite in both samples indicate low-temperature 
alteration. 
The monzogranite is cut by metamorphosed mafic dikes thought to be dioritic in 
composition. Two samples were examined in thin section. Both include pale-colored 
amphibole, inferred to be actinolite after hornblende, and chlorite that appears to have 
formed after biotite. These relations indicate greenschist facies metamorphism. 
Speckled Granite-Leucogranite 
Haxel et al. (2002) described two granitoids at the south end of the study area, a 
granodiorite to granite with a speckled or spotted appearance and a coarse-grained, 
equigranular leucogranite. These rocks sit structurally above the gneiss, and thus occupy 
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the same structural level as the rocks of Slumgullion to the northwest. It is not clear 
whether they belong to the same structural plate as the rocks of Slumgullion or to the 
higher structural plate that includes the Jurassic monzogranite (above). These units do not 
obviously correlate with other granitoids in southwest Arizona, but are inferred to be 
Jurassic and/or Cretaceous in age (Haxel et al., 2002). 
Samples collected from the granitoids at the south end of the study area consist of 
three monzogranites and a granodiorite. Quartz, plagioclase feldspar, and potassium 
feldspar in varying amounts are the primary constituents. Also present in various samples 
are minor amounts of chlorite, biotite, epidote, apatite, and rutile. 
The speckled granite-leucogranite samples show a variety of textures in thin 
section indicative of low-temperature alteration. Plagioclase phenocrysts are more 
strongly altered than the potassium feldspar grains. The plagioclase replacement consists 
in part of muscovite that is fine grained yet easily distinguishable as individual crystals, 
even under low-power magnification. Fine-grained granular epidote (saussurite) is also 
distributed throughout the plagioclase phenocrysts. Chlorite is common and typically 
appears to have formed after biotite. 
Rocks of Slumgullion 
Structurally above the Jurassic gneisses on the northwest side of the area are the 
low-grade metasedimentary and metavolcanic rocks of Slumgullion, which have 
generally been interpreted as Middle and/or Late Jurassic in age (Haxel et al., 1985, 
2002). The base of the sequence consists largely of metavolcanic rocks, with 
metasedimentary units dominating in the upper part (Grubensky et al., 1993; Haxel et al., 
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2002). As noted earlier, the rocks of Slumgullion have been interpreted as correlative, at 
least in part, with the Winterhaven and McCoy Mountains Formations.  
Goals for the rocks of Slumgullion were to: (1) collect samples for detrital zircon 
U-Pb analyses to constrain the ages of deposition and provenance of the metasedimentary 
units and (2) collect samples for thin section examination to analyze conditions of 
faulting and degree of metamorphism. Metasedimentary rocks included in the rocks of 
Slumgullion range from quartz arenite to lithic arenite to arkose. Figure 3 is a digitized 
geologic map of the southeast Castle Dome Mountains which shows the different units of 
the rocks of Slumgullion (Grubensky et al., 1993). The variability in rock type implies a 
range of source areas which we hoped to evaluate by analyzing detrital zircons.  
Two metadacite porphyries and a lithic arenite were sampled at the base of the 
section. The lithic arenite (Fig. 5A) represents the matrix to a conglomerate dominated by 
volcanic clasts. This unit is stratigraphically higher than the metadacite porphyries and 
looks strikingly similar to them in thin section. The metadacite porphyries contain 
abundant, large quartz and plagioclase feldspar phenocrysts (Fig. 5B). Weathered biotite 
grains are present in the metadacite porphyries as well as the lithic arenite. Biotite grains 
in the lithic arenite are light green in thin section. 
 A range of rock types was sampled from the middle of the section, including 
arkose, metadiorite and andesite porphyries, rhyolite and andesite tuffs, and flow-banded 
metarhyolite. The flow-banded metarhyolite (Fig. 5C) is a distinctive unit (Grubensky et 
al., 1993). Millimeter-scale flow-banding is visible in this light blue rock. The 
metadiorite porphyry is an epidote-rich rock which is green in outcrop and stands out 
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from the other units. Both tuffs have a slightly foliated micaceous matrix and the andesite 
tuff contains metamorphic biotite grains.  
At the top of the section the samples are mostly mature metasedimentary rocks 
such as quartz arenite and quartz sublitharenite, apart from one lithic arenite. The quartz 
arenites are very light colored, in contrast with the reddish-purple quartz sublitharenite 
(Fig. 5E). The reddish-purple quartz sublitharenite was collected only meters from a 
white quartz arenite sample. 
Low-grade metamorphism of the rocks of Slumgullion is apparent from the 
appearance and alteration of minerals. Plagioclase feldspar phenocrysts are commonly 
sericitized (Fig. 5D), and at least one sample has saussurite from the hydrothermal 
alteration of plagioclase feldspar. Much of the biotite has been altered to chlorite. 
Chlorite ranges in color from green to colorless, and is in some cases weathered to 
oxychlorite. Sericitic alteration grains are coarsest at the base of the Slumgullion section, 
and decrease in size upwards through the section. This is considered to indicate higher-
grade metamorphism at the base of the section. 
Early Miocene Volcanic Rocks 
Early Miocene volcanic and subvolcanic rocks are widespread in the Castle Dome 
Mountains. They are mostly rhyolitic to dacitic in composition. These rocks were placed 
over Orocopia Schist, Mesozoic gneissic and granitoid rocks, and the rocks of 
Slumgullion as a result of movement on early Miocene faults. The early Miocene rocks 
were not analyzed in detail in this study. 
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Fig. 5) Photomicrographs (A-D) and photo (E) of units within the rocks of Slumgullion: A. lithic 
arenite, sample KE37; B. metadacite, sample KE31; C. flow-banded metarhyolite, sample KE41; 
D. sericitization of plagioclase feldspar within an andesite porphyry, sample KE39. E. hand 
samples of KE10 (left) and KE10A (right). 
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U-Pb Zircon Analyses 
U-Pb Zircon analyses were performed on ten samples from the southeast Castle 
Dome Mountains. These include seven from the rocks of Slumgullion, one from a 
monzogranite, and two from the Orocopia Schist (Fig. 6). Detrital zircon analyses allow 
determination of the maximum protolith age of the rock by the youngest zircon present. 
They can also be used to determine possible sediment source areas based on zircon 
distributions within each sample. In addition, detrital zircons from the Orocopia Schist 
provide information regarding the timing of underplating beneath North America. 
Zircon Distribution Patterns 
Provenance of each rock unit can be determined by the distribution of detrital zircons. 
Certain regions around North America yield zircons of specific ages that are not found in 
other places on the continent. Detrital zircons derived from Grenvillian (1315–1000 Ma), 
Pan-African (750–500 Ma), and Paleozoic (500–310 Ma) bedrock sources lie within or 
along the flank of the Appalachian orogen on the east coast (Dickinson and Gehrels, 
2003). Southwest basement zircons are represented by Jurassic (200–145 Ma), Triassic 
(251–200 Ma), Mesoproterozoic (1440–1360 Ma), and Mojave-Yavapai- Mazatzal 
(1800–1615 Ma) orogen sources. Archean (> 2500 Ma) grains are derived from the 
cratonal nucleus of Laurentia (Dickinson and Gehrels, 2003). 
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Fig. 6. ArcGIS geologic map of sample locations. See figure 3 for legend. See text and Appendix 
for sample descriptions. 
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Ages and Distributions of Zircons 
Rocks of Slumgullion 
Six metasedimentary units from the rocks of Slumgullion and one metavolcanic 
were analyzed. In stratigraphic sequence from low to high, the metasedimentary rocks 
include: lithic arenite (KE37, 29 grains sampled), arkose (KE42, 47 grains sampled), 
quartz arenite (KE44, 74 grains sampled), sublitharenite (KE10A, 68 grains sampled), 
quartz arenite (KE10, 68 grains sampled), and lithic arenite (KE11, 75 grains sampled). 
The stratigraphic base of the rocks of Slumgullion is a metadacite porphyry (KE31, 7 
grains sampled).  
Metasedimentary samples represent units in the lower, middle, and upper rocks of 
Slumgullion. The rocks of Slumgullion have generally been considered to be Jurassic in 
age (Haxel et al., 2002). No faults or major folds are observed in the rocks of 
Slumgullion so the individual units are inferred to be in correct stratigraphic order. 
 The metadacite porphyry (KE31) forms the base of the rocks of Slumgullion. 
Seven grains yielded ages from 184–174 Ma (Fig. 7). Peaks are evident at 182 Ma and 
175 Ma, but these may be artifacts related to the small number of analyses. The average 
age of 177 Ma is considered to be the best estimate for the time of crystallization. 
A lithic arenite (KE37) at the base of the metasedimentary section yielded 29 
detrital zircon analyses (Fig. 7). Minor amounts of Mesoproterozoic, Mojave-Yavapai-
Mazatzal, Permian, and Triassic grains are present, with the majority yielding Jurassic 
ages that define a peak at 170 Ma. The youngest grain in the sample is ca. 166 Ma.  
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Sample KE42, an arkose, is located in the middle of section and yielded 47 zircon 
ages (Fig. 7). A large Jurassic peak is present from 170–150 Ma, but smaller peaks are 
seen in the Paleozoic, Pan-African, Grenvillian, Mesoproterozoic, and Proterozoic. The 
youngest zircon is slightly older than 150 Ma.  
The lower quartz arenite, KE44, is the next highest sample taken from the section. 
Ages were obtained from 74 zircons in this sample (Fig. 7). Peaks occur with ages of 
Triassic, Paleozoic, Pan-African, Grenvillian, Mesoproterozoic, Mojave-Yavapai-
Mazatzal, and Archean. The largest zircon populations give Grenvillian and Mojave-
Yavapai-Mazatzal ages. The age of the youngest zircon is ca. 210 Ma. 
A sublitharenite, KE10A, was collected from near the top of the rocks of 
Slumgullion and yielded 68 zircon ages (Fig. 7). Zircon age peaks are present in the 
Paleozoic, Pan-African, Grenvillian, and Mesoproterozoic. Small concentrations of Early 
Jurassic, Triassic, Mojave-Yavapai-Mazatzal, and Archean are seen as well. The 
youngest zircon in the sample is ca. 195 Ma.  
KE10 is a quartz arenite immediately overlying the sublitharenite, KE10A. Sixty-
eight zircon grains were analyzed (Fig. 7). Age peaks correspond to Paleozoic, Pan-
African, Grenvillian, Mesoproterozoic, and Mojave-Yavapai-Mazatzal ages. One zircon 
yielded an age of 122 ± 3 Ma. 
The highest unit sampled from the rocks of Slumgullion was a lithic arenite, 
KE11, which yielded 75 zircon ages (Fig. 7). The upper lithic arenite has a distinctive 
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Fig. 7. Zircon U-Pb relative age probability plots and cumulative probability plots for samples 
from the Castle Dome Mountains. 
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zircon distribution pattern, with a very large Mesoproterozoic peak. The only other ages 
seen include a minor Triassic, small Jurassic, and small latest Cretaceous peak. The latest 
Cretaceous peak is defined by three 78–77 Ma grains. These are the youngest zircons 
found in the metasedimentary sequence. 
Monzogranite 
One sample of monzogranite from the northwest end of the study area was 
analyzed (KE12, 15 grains sampled). This unit is situated above the rocks of Slumgullion, 
and the contact is believed to be a fault. Ages from 15 zircons range from 171 Ma to 152 
Ma with a large peak at ca. 155 Ma (Fig. 7). As noted above, the monzogranite in this 
area exhibits a strong degree of cataclasis and alteration, which might have rendered the 
zircons susceptible to lead loss. Thus, the 155 Ma peak is considered to indicate the 
minimum age of crystallization. The average crystallization age calculated from 14 
zircons is 158 Ma. The oldest age was an outlier (171 Ma) and left out of the calculation.  
Orocopia Schist 
Two quartzofeldspathic samples of Orocopia Schist (KE16 and KE23, 33 grains 
sampled) were sampled near the fault contact with structurally higher gneisses (Fig. 6). 
These samples contain large detrital zircon groupings of Mojave-Yavapai-Mazatzal, 
Mesoproterozoic, Jurassic, and Cretaceous grains, and a small grouping of Grenvillian 
grains (Fig. 8). The youngest zircon analyzed is ca. 70 Ma. 
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Fig. 8. Zircon U-Pb relative age probability plots and cumulative probability plots comparing the 
Orocopia Schist from the Castle Dome Mountains with the Orocopia Schist from other locations 
(see Fig. 1; Jacobson, in preparation). 
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Previous Zircon Distribution Studies 
U-Pb dating of detrital zircons from Mesozoic sediments of the Southwest has 
been performed by Dickinson and Gehrels (2003, 2009) and Barth et al. (2004, 
unpublished). Dickinson and Gehrels (2003, 2009) studied the Jurassic ergs of the 
Colorado Plateau while Barth et al. (2004, unpublished) acquired detrital zircon ages 
from the Winterhaven Formation and the McCoy Mountains Formation. Jacobson et al. 
(2002), Grove et al. (2003), and Jacobson (2008, personal communication) have dated 
detrital zircons from the Pelona-Orocopia-Rand Schists. 
Jurassic Ergs 
Ten samples and a total of 890 zircon grains were analyzed from the Jurassic ergs 
of the Colorado Plateau (Fig. 9: Dickinson and Gehrels, 2003, 2009). The Jurassic ergs 
contain zircons from local and distant sources, with the majority originating from the 
Appalachian Mountains region. Large zircon groupings are present at ca. 500–300 Ma, 
650–550 Ma, and 1300–900 Ma (Dickinson and Gehrels, 2009). These zircons fall almost 
exactly in the age ranges for the Paleozoic, Pan-African, and Grenvillian bedrock of the 
Appalachians. A small number of zircons in the 1900–1300 Ma range with a peak near 
1800 Ma are considered to represent Southwest basement rocks (Dickinson and Gehrels, 
2009). Some Archean grains, representative of the Laurentian craton, yield ages from 
2800–2600 Ma (Dickinson and Gehrels, 2009). 
In order for sediments from the Appalachian Mountains to travel to the Colorado 
Plateau, sediment transportation had to be transcontinental. Dickinson and Gehrels (2003;  
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Fig. 9. Zircon U-Pb relative age probability plots and cumulative probability plots comparing 
rock units of the southwest United States. 
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2009) suggested most of the transport occurred in rivers, with wind remobilizing the 
sediment once it was present in the ergs. 
Winterhaven Formation 
Barth et al. (2008, personal communication) have analyzed four metasedimentary 
samples from the Winterhaven Formation type locality in the Picacho region of southeast 
California (Fig. 9; Fig. 2). Two samples came from the base of the formation, while two 
were from the middle of the section. 
The stratigraphically lowest Winterhaven sample is quite dissimilar to the other 
three samples. Forty-three grains were analyzed and only a peak slightly younger than 
1100 Ma suggested a possible erg source. The rest of the grains are primarily Jurassic and 
Early Cretaceous with a small number of Triassic grains. These younger grains indicate a 
local source such as the Mesozoic arc. The youngest grain is ca. 110 Ma.  
The other three samples (262 grains) look strikingly similar to the Jurassic ergs of 
Dickinson and Gehrels (2009), but with a few Triassic grains and a grouping from 160–
130 Ma. This suggests that sediment in the Winterhaven Formation was derived by 
reworking of the Jurassic ergs or younger sediments themselves derived from the ergs.  
Without any evidence of faulting or folding within the Winterhaven Formation 
(above), the presence of the ca. 110 Ma zircon grain from the lower sample would make 
the upper samples just as young, if not younger. Possible explanations of absent young 
grains include: young source units may not have been as widely exposed during the time 
of deposition of the stratigraphically higher samples due to erosion or burial, or two 
 41 
sources supplied sediment to the Winterhaven Formation: one from the continental 
margin arc and one from the craton. 
McCoy Mountains Formation 
Nine metasedimentary samples (ranging from lithic arkose to lithic arenite to 
litharenite) from the McCoy Mountains Formation were analyzed by Barth et al. (2004). 
Samples were collected from the McCoy Mountains Formation type section in the 
McCoy Mountains of southeast California (Fig. 2; Barth et al., 2004). Two samples (65 
grains) came from the lower McCoy, three (110 grains) from the lower middle McCoy, 
and four (119 grains) from the upper McCoy (Fig. 9; Barth et al., 2004).  
The lower McCoy Mountains Formation looks similar to the Winterhaven 
Formation and Jurassic ergs based on zircon distribution patterns. There are subtle 
differences, however. One is the absence of Pan-African grains in the lower McCoy. 
Similar to the Winterhaven Formation, the lower McCoy contains Triassic and Jurassic 
zircons. Zircon distributions point toward the lower McCoy collecting minor amounts of 
sediment from the local basement, with most of it coming from the reworked Jurassic 
ergs or similar sediment sources. 
Stratigraphically higher in the McCoy Mountains Formation, the erg signature 
starts to disappear and greater influxes of Jurassic and Cretaceous grains appear. The 
lower middle McCoy has a few Paleozoic ages, no Pan-African grains, and a much lower 
proportion of Grenvillian grains compared to the Jurassic ergs. A greater presence of 
Mesoproterozoic, Triassic, Jurassic, and Cretaceous ages occur in the lower middle 
McCoy than in the ergs. The youngest zircon from this part of the section has an age of 
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ca. 105 Ma making the lower middle McCoy Cretaceous. The age distribution of zircons 
from the lower middle McCoy Mountains Formation indicates that less sediment came 
from the Jurassic ergs or reworking of the Jurassic ergs than in the Winterhaven 
Formation. Although the erg signature is still visible, much more sediment came from 
local sources into the McCoy basin. 
The upper McCoy does not resemble the Jurassic ergs. Three main groupings or 
peaks are present in this set of samples. A large peak representative of Mojave-Yavapai-
Mazatzal ages is distinct from the other McCoy samples. There also is a large grouping of 
Jurassic grains and a large late Early to Late Cretaceous peak. A very minor Grenvillian 
peak is also present. The ca. 84 Ma youngest zircon age makes the upper McCoy 
Mountains Formation no older than Late Cretaceous in age. Zircon age distributions 
show that much of the sediment coming into the McCoy Basin at the time of upper 
McCoy deposition was from local Southwest basement sources. Appalachian zircons 
from the Jurassic ergs are almost completely absent in the upper McCoy. The influx of 
local basement-derived sediment, and decrease in erg component, could be due to 
Jurassic and Cretaceous arc building which brought young zircons into the basin from 
topographic highs to the west. 
Pelona-Orocopia-Rand (POR) Schists 
 Previous detrital zircon studies on the POR schists and related Catalina Schists 
have been conducted by Jacobson et al. (2002), Grove et al. (2003), and Jacobson (2008, 
personal communication). Located from northwest to southeast, 21 Catalina-San Emigdio 
Schist samples (415 grains), 11 Rand Schist samples (341 grains), 18 Pelona Schist 
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samples (504 grains), and 23 Orocopia Schist samples (478 grains) were analyzed. Of the 
23 Orocopia Schist samples, four came from the southeast Castle Dome Mountains (77 
zircons). 
Research from Grove et al. (2003) and Jacobson (2008, personal communication) 
shows that the protolith age of the schist youngs from northwest to southeast (Fig. 8). 
Northwest schists have depositional ages that are >30 m.y. older than that of southeast 
schists. Along with the younger age, southeast schists contain increasingly more 
Proterozoic and latest Cretaceous-early Cenozoic zircons than northwest schists, and 
fewer 135–85 Ma grains (Grove et al., 2003; Jacobson, 2008, personal communication). 
Northwest schist samples are dominated by 135–100 Ma and 100–85 Ma zircons (Grove 
et al., 2003; Jacobson, 2008, personal communication). Prior analyses from the Castle 
Dome Mountains resemble the Orocopia Schist but contain a greater percentage of grains 
older than 1000 Ma than any other schist sample. The youngest grains match the 
Orocopia Schist samples from other locations.  
Discussion 
Rocks of Slumgullion 
By evaluating the detrital zircon age distributions in the metasedimentary rocks of 
Slumgullion, inferences can be made about possible relationships to local igneous rocks 
and to other sedimentary units in the region. Age inferences can be determined by a 
combination of the youngest zircon present in each sample and stratigraphic order. 
The metadacite porphyry at the base of the section yielded zircon ages from 184–
174 Ma. The majority of the zircons in the immediately overlying lithic arenite range 
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from 185–166 Ma, suggesting that much of the sediment in the lithic arenite came from 
the metadacite porphyry.  
The arkose contains a large proportion of ca. 170–150 Ma zircons along with 
older ages that are represented in the Jurassic ergs. The large Jurassic peak is the same 
age as the monzogranite that is structurally above the rocks of Slumgullion. It appears 
sediment came from local and farther traveled sources 
The lower quartz arenite, KE44, has a zircon distribution pattern similar to the 
Jurassic ergs and compares closely to the lower McCoy Mountains Formation. Although 
the youngest zircon is ca. 210 Ma, this quartz arenite is interpreted to be at least as young 
as latest Jurassic based on the age of the arkose stratigraphically beneath it.  
The sublitharenite KE10A has a zircon distribution pattern similar to that of the 
lower quartz arenite. The sublitharenite also resembles the Jurassic ergs and the upper 
Winterhaven Formation, but differs from them in that the youngest zircon is ca. 190 Ma. 
Similar to the lower quartz arenite, even though the youngest zircon is Early Jurassic, the 
sublitharenite must be as young as latest Jurassic based on the age of the arkose 
underlying it.  
Quartz arenite KE10 was collected from within meters of KE10A and the zircon 
age distributions are quite similar between the two samples. The only significant 
difference is the presence of one 122 ± 3 Ma grain in KE10. Questions arise from the age 
differences in the youngest zircons in KE10 and KE10A. One possibility is that KE10 
may have been contaminated during sample preparation and may not actually include any 
Cretaceous grains. Another possibility is that both KE10 and KE10A were deposited 
during the Cretaceous but that sediment source areas were mainly from the east, which 
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would discriminate against the incorporation of Cretaceous grains from the magmatic arc 
to the west. In this case, the fact that a Cretaceous grain was seen in KE10 but not in 
KE10A would simply be a matter of sampling statistics. The same may be true for sample 
KE44, as it has a similar zircon distribution as KE10A. 
The upper lithic arenite, KE11, displays a number of significant differences 
compared to the other samples. First, it includes three latest Cretaceous (78-77 Ma) 
zircons. These grains and several others with Triassic to Jurassic ages were presumably 
derived from Cordilleran arc sources. The sample also shows an exceptionally strong 
concentration of ca. 1.4 Ga zircons. Crystalline rocks of this age are widespread in 
southwest Arizona and adjoining regions, but tend to be subordinate in abundance 
compared to those with ages of 1.8-1.6 Ga (Karlstrom et al., 1987; Anderson and Bender, 
1989; Wooden and Miller, 1990; Barth et al., 2000, 2001a, 2001b; Anderson and Silver, 
2005; Farmer et al., 2005). This suggests that the bulk of the sediment in this sample was 
derived from a highly localized source. Finally, this sample shows no evidence for the erg 
signature so prevalent in the stratigraphically lower samples. This implies a major shift in 
sediment pathway during the middle to Late Cretaceous. 
The monzogranite structurally above the rocks of Slumgullion yielded a 
maximum in zircon ages at ca. 155 Ma, although this age might have been affected by 
lead loss (above). Nonetheless, this age is significantly older than the ca. 78-77 Ma 
zircons in the lithic arenite analyzed from the rocks of Slumgullion and indicates the 
presence of a fault, as opposed to the original interpretation that this contact was intrusive 
(Grubensky et al., 1993). A fault is consistent with the observation of cataclastic rocks at 
the contact. A similar relationship is present in the Mule Mountains. There, a Jurassic 
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granodiorite was thrust above the overlying metasedimentary McCoy Mountains 
Formation and the volcanic and metavolcanic Dome Rock sequence (Tosdal, 1990). 
The rocks of Slumgullion were originally thought to be Jurassic in age (Haxel et 
al., 2002). The U-Pb zircon data obtained here indicate that this sequence may be Jurassic 
at its base, but it is no older than latest Cretaceous at its top. After comparing zircon age 
distribution plots, it appears that the rocks of Slumgullion are broadly correlative to the 
Winterhaven and the McCoy Mountains Formation. 
Orocopia Schist 
The zircon ages obtained in this study broadly resemble those previously 
determined from the Castle Dome Mountains (Fig. 8). The ages fall into three 
approximately subequal groupings: Late Cretaceous, Late Jurassic-earliest Cretaceous, 
and Proterozoic. The Proterozoic ages can be further categorized into three subpeaks of 
Grenville, Middle Proterozoic, and Mojave-Yavapai-Mazatzal age. These results also fit 
with the previous observations for the Orocopia Schists as a whole (Grove et al., 2003) 
and confirm that the POR schists young from northwest to southeast. 
Detrital zircon patterns of the POR schists suggest a transition from outboard to 
inboard source areas with time (Jacobson, 2008, personal communication). Older, 
northwest schists contain greater amounts of older Mesozoic arc zircons than younger, 
southeast schists. Northwest schists also contain a lower proportion of Proterozoic and 
latest Cretaceous-early Cenozoic zircons than southeast schists. Grove et al. (2003) and 
Jacobson (2008, personal communication) proposed a model termed “salmon tectonics” 
 47 
to explain the northwest-southeast younging and the zircon distribution pattern 
differences of the schists based on outboard versus inboard position. 
In the salmon tectonics model, subduction of the Farallon plate causes part of the 
North American lithosphere and lowermost crust to be removed by subduction erosion 
(Grove et al., 2003). Some of the subducted sediment gets accreted to the base of North 
America becoming the POR schists. Younger sediments (schists) are transported 
underneath older schists and underplated progressively farther inboard as subduction 
persists. The axis of arc magmatism moves away from the trench as subduction erosion 
moves inboard. The locus of erosion migrates inboard following the axis of arc 
magmatism as the arc, typically a topographic high, experiences a high erosion rate. The 
similarity between the zircon distribution patterns of the schists and the igneous ages in 
the overlying plate are explained by this model. This model also explains the presence of 
both old (>1000Ma) and very young (ca. 85–75Ma) zircons in the inboard schists and the 
lack of the same in the outboard schists. 
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Argon Dating 
 One goal of this study was to conduct 40Ar/39Ar thermochronology of the various 
structural units in the Castle Dome Mountains in order to help determine exhumation 
history and age of faulting. In particular, the intent was to compare the results from the 
Castle Dome Mountains to those from Orocopia Schist and upper-plate rocks in the 
Gavilan Hills and Orocopia Mountains of southeastern California (Jacobson et al., 2002, 
2007). The Castle Dome Mountains are of interest because they present the opportunity 
to date a broader range of structural levels than in either the Gavilan Hills or Orocopia 
Mountains.  
Unfortunately, as noted in the Methods section, the samples prepared for this 
study have yet to be analyzed due to technical problems with the laboratory facility. 
However, several 40Ar/39Ar ages obtained from a pilot study of the southeast Castle 
Dome Mountains (Grove et al., 2003; Jacobson, 2008, personal communication) are 
presented here instead.  
Samples 
 Separates prepared specifically for this study include three biotites, three 
muscovites, and one potassium feldspar from the Orocopia Schist; three biotites, three 
muscovites, and four potassium feldspars from the gneiss; one biotite from the rocks of 
Slumgullion; one potassium feldspar from the Jurassic granodiorite in the northwest; and 
one potassium feldspar from one of the undated granitoids in the southeast. As already 
noted, however, these samples have yet to be analyzed. 
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The samples available for interpretation here include two from the Orocopia 
Schist, KE3 and KE6. Sample KE6 yielded muscovite and biotite ages, whereas just a 
muscovite age was obtained from KE3. Both samples were collected from near the schist-
gneiss contact. One sample of gneiss, KE1B, was also dated, and yielded both muscovite 
and biotite ages. Sample KE1B is likewise located near the schist-gneiss contact. 
Results 
Muscovite dates from the two schists, KE3 and KE6, are virtually identical at 42.2 
± 0.1 Ma and 42.7 ± 0.1 Ma, respectively (Fig. 10). The biotite cooling age for KE3 was 
18.9 ± 0.3 Ma. The latter sample is characterized by an extremely low value of radiogenic 
40Ar (32%; Table 3), which may indicate a high degree of late alteration (Jacobson et al., 
2007). 
From the gneiss, KE1B yielded a muscovite cooling age of 44.2 ± 0.1 Ma and a 
biotite cooling age of 38.6 ± 0.1 Ma (Fig. 10). 
Discussion  
Previous Studies 
Gavilan Hills. In the Gavilan Hills, Orocopia Schist is overlain by gneiss similar to that 
in the southeast Castle Dome Mountains (Jacobson et al., 2002). As in the Castle Dome 
Mountains, the gneiss is considered to represent deep crustal levels of the North 
American plate. The contact between schist and gneiss in the Gavilan Hills is termed the 
Chocolate Mountains fault. This fault is thought to be correlative with the structure of the 
same name that separates the schist and gneiss in the Castle Dome Mountains. The gneiss 
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of the Gavilan Hills is overlain along the low-angle Gatuna fault by the Winterhaven 
Formation (see Regional Background section). Mesozoic granitoids have not been 
observed within the Gavilan Hills, but are present in immediately surrounding ranges. 
The schist, gneiss, and Winterhaven Formation of the Gavilan Hills are overlain 
structurally by late Oligocene to Miocene volcanic rocks. 
Hornblende from the gneiss in the Gavilan Hills cooled by 59 Ma whereas hornblende in 
the Orocopia Schist cooled by 52 Ma (Fig. 11A; Jacobson et al., 2002). This implies that 
the two units were not in contact at the time of cooling below the hornblende closure 
temperature (525 ± 50 °C). The oldest muscovite cooling ages in the gneiss and schist are 
similar (ca. 50 Ma), although the final closure of muscovite occurred later in the schist 
than in the gneiss (Jacobson et al., 2002). Jacobson et al. (2002) attributed the 
convergence of muscovite cooling ages between the gneiss and Orocopia Schist to 
indicate the time of slip on the Chocolate Mountains fault (ca. 52–50 Ma). This 
movement is thought to indicate exhumation at the same time as flat-slab subduction 
related to the Laramide orogeny. Biotite and potassium feldspar ages are similar between 
the schist and gneiss. Potassium feldspar ages in both the schist and gneiss show rapid 
cooling at 28-24 Ma. Jacobson et al. (2002; 2007) attributed this phase of cooling to slip 
on the Gatuna Fault. This could not be proven, however, because no 40Ar/39Ar ages could 
be obtained from the Winterhaven Formation owing to its fine grain size. The inferred 
middle Cenozoic slip on the Gatuna fault is thought to be related to the regional 
extensional event indicated by the Cordilleran metamorphic core complexes (Davis and 
Coney, 1979; Davis et al., 1986).
  
 
Fig. 10. Incremental argon release spectra for muscovite and biotite from the upper plate of the Chocolate Mountains detachment fault and the 
structurally higher part of the Orocopia Schist. 
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Orocopia Mountains. Orocopia Schist in the Orocopia Mountains is overlain by upper 
plate rocks quite different than those in either the Gavilan Hills or Castle Dome 
Mountains (Jacobson et al., 2007). The contact is referred to as the Orocopia Mountains 
detachment fault. Two clearly defined structural slices are present in the upper plate. The 
upper one is dominated by an anorthosite-syenite suite. The lower one is composed 
predominantly of felsic and mafic gneiss and leucogranite. Based on the 40Ar/39Ar results, 
the lower slice itself seems to be divided into upper and lower structural levels, although 
the boundary between them is difficult to locate in the field. All parts of the upper plate in 
the Orocopia Mountains, however, appear to have been situated in the middle to upper 
crust at the time of juxtaposition with the schists. In other words, there is no unit in the 
Orocopia Mountains equivalent to the gneiss of the Gavilan Hills or Castle Dome 
Mountains. Rocks like this must have been present in the past, but are thought to have 
been cut out by movement on the Orocopia Mountains detachment fault. Hornblende in 
the leucogranite-gneiss unit and Orocopia Schist cooled by 68 Ma and 50 Ma, 
respectively, although the ages in the upper plate are attributed to plutonic heating (Fig. 
11B; Jacobson et al., 2007). No muscovite ages were obtained from the upper plate, but 
the Orocopia Schist yielded muscovite ages ranging from ca. 52–34 Ma (Jacobson et al., 
2007). Younger ages occur deeper in the section. Biotite ages range from 75–59 Ma in 
the upper plate and correlate with structural position. The anorthosite- syenite unit 
yielded the oldest ages followed by progressively younger ages in the shallow then deep 
parts of the leucogranite-gneiss unit. Biotites range from 33–20 Ma in the Orocopia 
Schist, much younger than biotites from the upper plate. Potassium feldspar ages in 
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Fig. 11. Generalized temperature-time paths for Orocopia Schist (dark gray) and upper-plate 
rocks (light gray) in the Gavilan Hills (A) and Orocopia Mountains (B). Paths based upon K-
feldspar MDD analysis (lines), apatite fission track data (rectangles), and hornblende (diamonds), 
muscovite (pentagons), and biotite (hexagons) bulk closure ages (Jacobson et al., 2007). 
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the upper plate, similar to the biotite, are younger at structurally deeper levels. The 
combined results indicate very different temperature-time paths, with the shallow 
leucogranite-gneiss unit reaching shallower depths before the deeper leucogranite-gneiss 
unit. The Orocopia Schist cooled after the upper plate, as evidenced by younger 
potassium feldspar ages. Rapid cooling shown by the potassium feldspar in earliest 
Miocene time likely represents the time of slip on the Orocopia Mountains detachment 
fault (Jacobson et al., 2007). Thus, whereas the fault directly above the Orocopia Schist 
in the Gavilan Hills (the Chocolate Mountains fault) is early Cenozoic in age, the fault in 
the Orocopia Mountains formed during the middle Cenozoic. As with the Gatuna fault of 
the Gavilan Hills, it is considered to be related to regional middle Cenozoic extension. 
Castle Dome Mountains 
 The Castle Dome Mountains are well suited for unraveling the Late Cretaceous-
early Cenozoic history of the southwestern U.S. They expose a greater range of structural 
plates than the Orocopia Mountains and include rocks within the uppermost plates that 
are better suited for dating compared to the Gavilan Hills. This provides the opportunity 
to directly date faults that are potentially both early and middle Cenozoic in a single 
range. The mineral separates obtained in this study, but not yet analyzed, were selected 
specifically for that purpose. The currently available ages, determined previously by 
Grove and Jacobson (Jacobson, 2008, personal communication), represent only the 
Orocopia Schist and gneiss and thus constrain only the Chocolate Mountains fault. 
Similarities in muscovite ages between the Orocopia Schist and gneiss in the 
southeast Castle Dome Mountains suggests that slip occurred on the Chocolate 
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Mountains fault by 44.2 ± 0.1 Ma. This is in agreement with data presented by Jacobson 
et al. (2002, 2007) from the Gavilan Hills and Orocopia Mountains. As noted above, 
Jacobson et al. (2002, 2007) proposed that slip finished on the Chocolate Mountains fault 
in the Gavilan Hills by ca. 50 Ma.  
Since the Orocopia Schist and gneiss exhibit similar muscovite ages and because 
biotite has a lower closure temperature than muscovite (350 ± 50 °C versus 400 ± 50 °C, 
respectively), their biotite ages should also be similar. However, the biotite in the gneiss 
of the upper plate is ~20 m.y. older than biotite in the schist. One possible cause for the 
young biotite age in the schist is Miocene volcanism. Miocene dikes are very common in 
the schist and volcanism could have caused the schist to heat above 350 °C resulting in a 
resetting of the biotite age. In addition, the low yield of radiogenic argon from this 
sample (Table 3) is consistent with a high degree of alteration, which should also make 
the sample more prone to argon loss (Jacobson et al., 2007). 
Final closure of all minerals from the Orocopia Schist occurred later in the 
Orocopia Mountains than in the Gavilan Hills. Closure dates for the southeast Castle 
Dome Mountain samples are inbetween those of the Orocopia Mountains and Gavilan 
Hills. However, more dates are needed to better constrain when cooling occurred in the 
Castle Dome Mountains compared to the Gavilan Hills and Orocopia Mountains.  
The temperature-time path for the Orocopia Schist in the Orocopia Mountains 
resembles the path for the Orocopia Schist in the Gavilan Hills, only younger. In the 
Orocopia Mountains the temperature-time path for the upper plate granitoid rocks yielded 
much older ages than the gneiss in the Gavilan Hills. This is expected since the granitoid 
rocks are structurally higher than the gneiss. Fault movement captured by potassium 
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feldspar ages occurs later in the Orocopia Mountains compared to the Gavilan Hills. We 
anticipate that the additional samples to be analyzed will indicate that the Big Eye fault 
and the unnamed fault between the rocks of Slumgullion and the Jurassic granodiorite at 
the north end of the study area are middle Cenozoic structures like the Orocopia 
Mountains detachment fault. 
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Summary 
Results from U-Pb and 40Ar/39Ar dating provide insight into units studied from the 
Castle Dome Mountains. Some of these units have been analyzed in detail in other 
mountain ranges, whereas others have had little research conducted on them. The data 
obtained here tie in with the results of earlier workers and help to confirm their 
preliminary interpretations. 
U-Pb dating of zircons from the metadacite porphyry at the base of the rocks of 
Slumgullion indicates crystallization during the Jurassic (178 Ma). The monzogranite 
located structurally above the rocks of Slumgullion is also Jurassic, but slightly younger 
than the metadacite porphyry (158 Ma). 
The base of the sedimentary rocks of Slumgullion is most likely Late Jurassic 
based on the youngest detrital zircons acquired from the oldest Slumgullion unit, a lithic 
arenite. Deposition of the rocks of Slumgullion continued from Late Jurassic through the 
Cretaceous, as the youngest detrital zircons from a lithic arenite at the top of the section 
(sample KE11) are latest Cretaceous in age. Sometime after deposition of the lithic 
arenite, slip occurred and placed the monzogranite above the rocks of Slumgullion. 
Some Southwest regional basin history can be interpreted based on U-Pb results 
from the rocks of Slumgullion. The dominant view has been that the McCoy Mountains 
Formation has two distinct parts separated by an unconformity. The Jurassic lower part of 
the McCoy Mountains Formation was considered to be a branch of a large depositional 
system, possibly part of the Bisbee Basin. Deposition of the Cretaceous, upper part of the 
McCoy Mountains Formation was viewed as occurring in a more restricted basin. Data 
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presented here, and from the Winterhaven formation (Barth, 2008, personal 
communication), imply that deposition in the Cretaceous was regionally extensive. This 
younger deposition probably represents sediments shed off the east side of the 
Cordilleran arc. 
The Orocopia Schist is as young as Latest Cretaceous-earliest Paleogene based on 
the results of U-Pb dating. These data are consistent with previous studies by Grove et al. 
(2003) and Jacobson (2008). By 90 Ma, sediment was being subducted beneath North 
America and accreted to the overriding plate immediately next to the trench. However, 
sediments accreted to the base of the North American plate in the Castle Dome 
Mountains were subducted at or after 65 Ma, as evidenced by the youngest detrital zircon 
in the Orocopia Schist.  
Previous researchers studying the POR schists have tried to determine the age of 
its sandstone protolith. The depositional age of the sandstone protolith lies between the 
youngest detrital zircon age and the oldest metamorphic age (Fig. 12; Jacobson, 2008). 
This time span was referred to by Grove et al. (2003) as the “cycling interval.” The 
cycling interval includes erosion in the source area, transport of that material to the site of 
deposition, underthrusting beneath the arc, accretion to the overriding plate, and initial 
stages of exhumation.  
Grove et al. (2003) observed that the cycling interval of the POR schists decreases from 
93-90 Ma in the San Emigdio Mountains, the northwesternmost schist body, to 55-43 Ma 
in Neversweat Ridge, the southeasternmost schist body (Fig. 12; Grove et al., 2003). 
These results tell us the entire process occurred earlier for POR schists in the northwest 
than for POR schists in the southeast. However, the time interval between the youngest 
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zircon and oldest metamorphic mineral actually increases from northwest to southeast. In 
the San Emigdio Mountains the time interval is 3 m.y., while in Neversweat Ridge the 
time interval is ~20 m.y. The time interval in the southeast Castle Dome Mountains is 
~27 m.y. based on a ca. 70 Ma detrital zircon and a 42.7 ± 0.1 Ma muscovite age. The 
longer time interval at Neversweat Ridge and the Castle Dome Mountains can be 
partially accounted for due to muscovite ages being used in place of hornblende (Fig. 12). 
The cycling interval is best defined in areas where hornblende has been dated. 
Hornblende, the metamorphic mineral with the highest closure temperature, yields the 
oldest metamorphic ages and provides the best constraints on the cycling interval. In 
many of the southeast schist bodies, hornblende has not been dated due to the absence 
and/or small size of grains and muscovite ages are used instead. Due to its lower closure 
temperature, muscovite does not provide as precise a constraint on the cycling interval. 
For example, muscovite ages from two northwestern schist bodies, Portal Ridge (70 Ma) 
and the Rand Mountains (74 Ma), are 13 m.y. and 4 m.y. younger than hornblende 
samples from those areas (Fig. 12; Grove et al., 2003).  
Although data are few, results from 40Ar/39Ar thermochronology are also 
consistent with previous studies (Jacobson et al., 2002; 2007). The ca. 42 Ma muscovite 
ages from both the Orocopia Schist and gneiss indicate that slip had occurred on the 
Chocolate Mountains fault system by this time. This is consistent with interpretation of 
Jacobson et al. (2002), who suggested normal-fault movement on the Chocolate 
Mountains fault system at ca. 52–50 Ma, which played a part in exhuming the schist. 
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Fig. 12. Comparison of 40Ar/39Ar cooling ages and detrital zircon U-Pb ages for the Orocopia and 
related schists plotted by area (Jacobson, 2008). See Figure 1 for sample locations. 
 
Abbreviations: SC – Santa Catalina Island; SE – San Emigdio Mountains; PR – Portal Ridge; 
RA – Rand Mountains; SS – Sierra de Salina; MP – Mount Pinos; SP – Sierra Pelona; BR – Blue 
Ridge; EF – East Fork; OR – Orocopia Mountains; CH – SE Chocolate Mountains; TR – Trigo 
Mountains; CD – Castle Dome Mountains; NR – Neversweat Ridge. 
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The ~20 m.y. difference in biotite 40Ar/39Ar ages between the Orocopia Schist and 
gneiss can be explained by reheating due to Miocene volcanism. The young biotite from 
the schist contains a low amount of radiogenic argon which is consistent with a high 
degree of alteration making the sample more prone to argon loss (Jacobson et al. 2007). 
Work that was to be obtained in this study would have helped constrain timing of 
younger faulting and exhumation in the Castle Dome Mountains. However, due to 
technical problems at the laboratory, some samples have not been run. In the future these 
samples will be run and will add to the dataset presented in this thesis. The samples may 
also help resolve questions about the history of the Castle Dome Mountains and major 
tectonic events of the Southwest. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 62 
References 
Anderson, J.L., and Bender, E.E., 1989, Nature and origin of Proterozoic A-type granitic 
magmatism in the southwestern United States of America: Lithos v. 23, p. 19–52. 
Anderson, T.H., and Silver, L.T., 2005, The Mojave-Sonora megashear–Field and 
analytical studies leading to the conception and evolution of the hypothesis, in 
Anderson, T.H., Nourse, J.A., McKee, J.W., and Steiner, M.B., eds., The Mojave-
Sonora megashear hypothesis: Development, assessment, and alternatives: 
Geological Society of America Special Paper 393, p. 1–50. 
Bagby, W.C., Haxel, G.B., Smith, D.B., Koch, R.D., Grubensky, M.J., Sherrod, D.R., and 
Pickthorn, L.B.G., 1987, Mineral resource assessment of the Kofa National 
Wildlife Refuge, Arizona: U.S. Geological Survey Open-File Report 87–609, 45 
p., 5 plates, scale 1:100 000. 
Barth, A.P., Wooden, J.L., Tosdal, R.M., and Morrison, J., 1995, Crustal contamination 
in the petrogenesis of a calc-alkalic rock series: Josephine Mountain intrusion, 
California: Geological Society of America Bulletin, v. 107, p. 201–211. 
Barth, A.P., Wooden, J.L, Coleman, D.S., and Fanning, C.M., 2000, Geochronology of 
the Proterozoic basement of southwesternmost North America, and the origin and 
evolution of the Mojave crustal province: Tectonics, v. 19, p. 616–629. 
Barth, A.P., Jacobson, C.E., Coleman, D.S., and Wooden, J.L., 2001a, Construction and 
tectonic evolution of Cordilleran continental crust: Examples from the San 
Gabriel and San Bernardino Mountains, in Dunne, G., and Cooper, J., eds., 
Geologic Excursions in the California Desert and Adjacent Transverse Ranges: 
 63 
Pacific Section, SEPM (Society of Economic Paleontologists and Mineralogists), 
Book 88, p. 17–53. 
Barth, A.P., Wooden, J.L., and Coleman, D.S., 2001b, SHRIMP-RG U-Pb zircon 
geochronology of Mesoproterozoic metamorphism and plutonism in the 
southwesternmost United States: Journal of Geology, v. 109, p. 319–327. 
Barth, A.P., Wooden, J.L., Jacobson, C.E., and Probst, K., 2004, U-Pb geochronology 
and geochemistry of the McCoy Mountains Formation, southeastern California: A 
Cretaceous retro-arc foreland basin: Geological Society of America Bulletin, v. 
116, p. 142–153.  
Bilodeau, W.L., 1979, Early Cretaceous tectonics and deposition of the Glance 
Conglomerate, southeastern Arizona [Ph.D. thesis]: Stanford University, 145 p. 
Bilodeau, W.L., 1982, Tectonic models for Early Cretaceous rifting in southeastern 
Arizona: Geology v. 10, p. 466–470. 
Burchfiel, B.C., and Davis, G.A., 1981, Mojave Desert and environs, in Ernst, W.G., ed., 
The geotectonic development of California (Rubey Volume I): Englewood Cliffs, 
New Jersey, Prentice-Hall, p. 217–252. 
Carson, C.J., Ague, J.J., Grove, M., Coath, C.D., and Harrison, T.M., 2002, U-Pb isotopic 
behavior of zircon during upper-amphibolite facies fluid infiltration in the Napier 
Complex, east Antarctica: Earth and Planetary Science Letters, v. 199, p. 287–
310. 
Chen, J.H., and Moore, J.G., 1982, Uranium-lead isotopic ages from the Sierra Nevada 
batholith: Journal of Geophysical Research, v. 87, p. 4761–4784. 
 64 
Coney, P.J., and Reynolds, S.J., 1977, Cordilleran Benioff zones: Nature, v. 270, p. 403–
406. 
Crowell, J.C., 1968, Movement histories of faults in the Transverse Ranges and 
speculations on the tectonic history of California, in Dickinson, W.R., and Grantz, 
A. eds., Proceedings of Conference on Geologic Problems of San Andreas Fault 
System: Stanford, California, Stanford University Publications in the Geological 
Sciences, v. 11, p. 323–341. 
Crowell, J.C., 1981, An outline of the tectonic history of southeastern California, in 
Ernst, W.G., ed., The geotectonic development of California (Rubey Volume I): 
Englewood Cliffs, New Jersey, Prentice Hal, p. 581–600. 
Davis, G.A., Lister, G.S., and Reynolds, S.J., 1986, Structural evolution of the Whipple 
and South Mountains shear zones, southwestern United States: Geology, v. 14, p. 
7–10. 
Davis, G.H., and Coney, P.J., 1979, Geologic development of the Cordilleran 
metamorphic core complexes: Geology, v. 7, p. 120–124. 
Dickinson, W.R., 1981a, Plate tectonic evolution of the southern Cordillera, in 
Dickinson, W.R., and Payne, W.D., eds., Relations of tectonics to ore deposits in 
the southern Cordillera: Arizona Geological Society Digest, v. 14, p. 113–135. 
Dickinson, W.R., 1981b, Plate tectonics and the continental margin of California, in 
Ernst, W.G., ed., The geotectonic development of California (Rubey Volume I): 
Englewood Cliffs, New Jersey, Prentice-Hall, p. 1–28. 
 65 
Dickinson, W.R., 2000, Detrital modes of selected sandstone samples from the McCoy 
Mountains Formation and correlative units in southwestern Arizona: Arizona 
Geological Survey Contributed Report CR-00-A, 18 p. 
Dickinson, W.R., and Gehrels, G.E., 2003, U-Pb ages of detrital zircons from Permian 
and Jurassic eolian sandstones of the Colorado Plateau, USA; paleogeographic 
implications: Sedimentary Geology, v. 163, p. 29–66. 
Dickinson, W.R., and Gehrels, G.E., 2009, U-Pb ages of detrital zircons in Jurassic eolian 
and associated sandstones of the Colorado Plateau: Evidence for transcontinental 
dispersal and intraregional recycling of sediment: Geological Society of America 
Bulletin, v. 121, p. 408–433. 
Dickinson, W.R., and Lawton, T.F., 1999, Post-mid-Paleozoic tectonic assembly of 
Mexico: Geological Society of America Abstracts with Programs v. 31, no. 7, p. 
A–293. 
Dickinson, W.R., and Lawton, T.F., 2001, Tectonic Setting and sandstone petrofacies of 
the Bisbee basin (USA-Mexico): Journal of South American Earth Sciences, v. 
14, p. 475–504.  
Ehlig, P.L., 1981, Origin and Tectonic History of the Basement Terrane of the San 
Gabriel Mountains, Central Transverse Ranges, in Ernst, W.G., ed., The 
geotectonic development of California (Rubey Volume I): Englewood Cliffs, New 
Jersey, Prentice Hall, p. 253–283. 
Fackler-Adams, B.N., Busby, C.J., and Mattinson, J.M., 1997, Jurassic magmatism and 
sedimentation in the Palen Mountains, southeastern California: Implications for 
 66 
regional tectonics on the Mesozoic continental arc: Geological Society of 
America Bulletin v. 109, p. 1464–1484. 
Farmer, G.L., Bowring, S.A., Matzel, J., Espinosa Maldonado, G., Fedo, C., and 
Wooden, J., 2005, Paleoproterozoic Mojave province in northwestern Mexico? 
Isotopic and U-Pb zircon geochronologic studies of Precambrian and Cambrian 
crystalline and sedimentary rocks, Caborca, Sonora, in Anderson, T.H., Nourse, 
J.A., McKee, J.W., and Steiner, M.B., eds., The Mojave-Sonora megashear 
hypothesis: Development, assessment, and alternatives: Geological Society of 
America Special Paper 393, p. 183–198. 
Folk, R.L., 1968, Petrology of sedimentary rocks: Hemphill Publ. Co., Austin, Texas, 182 
p. 
Gehrels, G., and Ruiz, J., in review, U-Th-Pb geochronology of zircon by Laser Ablation-
Multicollector ICP Mass Spectrometry at the Arizona LaserChron Center: Journal 
of Analytical Atomic Spectrometry. 
Goetz, L.K., and Dickerson, P.W., 1985, A Paleozoic transform margin in Arizona, New 
Mexico, west Texas and northern Mexico, in Dickerson, P.W., and Muehlberger, 
W.R., eds, Structure and Tectonics of Trans-Pecos Texas: West Texas Geological 
Society, Midland, TX, p. 173–184, Publication 85–81. 
Grove, M., Jacobson, C.E., Barth, A.P., and Vucic, A., 2003, Temporal and spatial trends 
of Late Cretaceous–early Tertiary underplating of Pelona and related schist 
beneath southern California and southwestern Arizona, in Johnson, S.E., 
Patterson, S.R., Fletcher, J.M., Girty, G.H., Kimbrough, D.L., and Martin-Barajas, 
 67 
A., eds., Tectonic evolution of northwestern Mexico and the southwestern USA: 
Geological Society of America Special Paper 374, p. 381–406. 
Grubensky, M.J., and Bagby, W.C., 1990, Miocene calcalkaline magmatism, calderas, 
and crustal evolution in the Kofa and Castle Dome Mountains, southwestern 
Arizona: Journal of Geophysical Research, v. 95, p. 19989–20003. 
Grubensky, M.J., Haxel, G.B., and Koch, R.D., 1993, Geologic map of the Castle Dome 
Mountains, southwestern Arizona: U.S. Geological Survey Miscellaneous 
Investigations Series, Map I–2138, scale 1:62 500. 
Grubensky, M.J., Haxel, G.B., and Demsey, K.A., 1995, Geology of the south-eastern 
Kofa Mountains and western Tank Mountains, southwestern Arizona: U.S. 
Geological Survey Miscellaneous Geologic Investigations Map I–2454, scale 1:62 
500. 
Guidotti, C.V., 1984, Micas in metamorphic rocks, in Bailey, S. W., ed., Micas: 
Mineralogical Society of America Reviews in Mineralogy, v. 13, p. 357–467. 
Hamilton, W., 1987, Mesozoic geology and tectonics of the Big Maria Mountains region, 
southeastern California, in Dickinson, W.R., and Klute, M.A., eds., Mesozoic 
rocks of southern Arizona and adjacent areas: Arizona Geological Society Digest, 
v. 18, p. 33–47. 
Hamilton, W., 1988, Tectonic setting and variations with depth of some Cretaceous and 
Cenozoic structural and magmatic systems of the western United States, in Ernst, 
W.G., ed., Metamorphism and crustal evolution of the western United States 
(Rubey Volume VII): Englewood Cliffs, New Jersey, Prentice-Hall, p. 1–40. 
 68 
Harding, L.E., and Coney, P.J., 1985, The Geology of the McCoy Mountains Formation, 
southeastern California and southwestern Arizona: Geological Society of America 
Bulletin, v. 96, p. 755–769. 
Haxel, G.B., and Dillon, J.T., 1978, The Pelona-Orocopia Schist and Vincent-Chocolate 
Mountain thrust system, southern California, in Howell, D.G., and McDougall, 
K.A., eds., Mesozoic paleogeography of the western United States: Pacific 
Section, Society of Economic Paleontologists and Mineralogists Pacific Coast 
Paleogeography Symposium 2, p. 453–469. 
Haxel, G.B., Tosdal, R.M., and Dillon, J.T., 1985, Tectonic setting and lithology of the 
Winterhaven Formation: A new Mesozoic stratigraphic unit in southeasternmost 
California and southwestern Arizona: U.S. Geological Survey Bulletin 1599, 19 p. 
Haxel, G.B., Jacobson, C.E., Richard, S.M., Tosdal, R.M., and Grubensky, M.J., 2002, 
The Orocopia Schist in southwest Arizona: Early Tertiary oceanic rocks trapped 
or transported far inland, in Barth, A., ed., Contributions to Crustal Evolution of 
the Southwestern United States: Boulder, Colorado, Geological Society of 
America Special Paper 365, p. 99–128. 
Jacobson, C.E., 1997, Metamorphic convergence of the upper and lower plates of the 
Vincent thrust, San Gabriel Mountains, southern California: Journal of 
Metamorphic Geology, v. 15, p. 155–165. 
Jacobson, C.E., Dawson, M.R., and Postlethwaite, C.E., 1988, Structure, metamorphism, 
and tectonic significance of the Pelona, Orocopia, and Rand Schists, southern 
California, in Ernst, W.G., ed., Metamorphism and crustal evolution of the 
 69 
western United States (Rubey Volume VII): Englewood Cliffs, New Jersey, 
Prentice-Hall, p. 976–997. 
Jacobson, C.E., Oyarzabal, F.R., and Haxel, G.B., 1996, Subduction and exhumation of 
the Pelona-Orocopia-Rand schists, southern California: Geology, v. 24, p. 547–
550. 
Jacobson, C.E., Grove, M., Stamp, M.M., Vućić, A., Oyarzabal, F.R., Haxel, G.B., 
Tosdal, R.M., and Sherrod, D.R., 2002, Exhumation history of the Orocopia 
Schist and related rocks in the Gavilan Hills area of southeasternmost California, 
in Barth, A., ed., Contributions to crustal evolution of the southwestern United 
States: Geological Society of America Special Paper 365, p. 129–154. 
Jacobson, C.E., Grove, M., Vućić, A., Pedrick, J.N., and Ebert, K.A., 2007, Exhumation 
of the Orocopia Schist and associated rocks of southeastern California: Relative 
roles of erosion, synsubduction tectonic denudation, and middle Cenozoic 
extension, in Cloos, M., Carlson, W.D., Gilbert, M.C., Liou, J.G., and Sorensen, 
S.S., eds., Convergent Margin Terranes and Associated Regions: A Tribute to 
W.G. Ernst: Geological Society of America Special Paper 419, p. 1–37. 
Karlstrom, K.E., Bowring, S.A., and Conway, C.M., 1987, Tectonic significance of an 
early Proterozoic two-province boundary in central Arizona: Geological Society 
of America Bulletin, v. 99, p. 529–538. 
Kidder, S., and Ducea, M.N., 2006, High temperatures and inverted metamorphism in the 
schist of Sierra de Salinas, California: Earth and Planetary Science Letters, v. 241, 
p. 422–437. 
 70 
Kröner, A., Jaeckel, P., and Williams, I.S., 1994, Pb-loss patterns in zircons from a high-
grade metamorphic terrain as revealed by different dating methods: U-Pb and Pb-
Pb ages for igneous and metamorphic zircons from northern Sri Lanka: 
Precambrian Research, v. 66, p. 123–149. 
Lawton, T.F., and McMillan, N.J., 1999, Arc abandonment as a cause for passive 
continental rifting: comparison of the Jurassic Borderland rift and the Cenozoic 
Rio Grande rift: Geology v. 20, p. 69–77. 
Lovera, O.M., Richter, M., and Harrison, T.M., 1991, Diffusion domains determined by 
39Ar released during step heating: Journal of Geophysical Research, v. 96, p. 
2057–2069. 
Lovera, O.M., Grove, M., Harrison, T.M., and Mahom, K.I., 1997, systematic analysis of 
K-feldspar 40Ar/39Ar step-heating experiments, I: Significance of activation 
energy determinations: Geochemica et Cosmochimica Acta, v. 61, p. 3171–1255, 
doi: 10.1016/S0016-7037(97)00147-6. 
Lovera, O.M., Grove, M., and Harrison, T.M., 2002, Systematic analysis of K-feldspar 
40Ar/39Ar step-heating results, II: Relevance of laboratory argon diffusion 
properties to nature: Geochimica et Cosmochimica Acta, v. 66, p. 1237–1255, 
doi: 10.1016/S0016-7037(01)00846-8. 
Ludwig, K.R., 2005, Isoplot/Ex version 3.0: Berkeley Geochronology Center Special 
Publication: Berkeley, California. 
Malin, P.E., Goodman, E.D., Henyey, T.L., Li, Y.G., Okaya, D.A., and Saleeby, J.B., 
1995, Significance of seismic reflections beneath a tilted exposure of deep 
 71 
continental crust, Tehachapi Mountains, California: Journal of Geophysical 
Research, v. 100, p. 2069–2087. 
May, D.J., 1986, Amalgamation of metamorphic terranes in the southeastern San Gabriel 
Mountains [Ph.D. thesis]: Santa Barbara, University of California, 325 p. 
McDougall, I., and Harrison, T.M., 1999, Geochronology and thermochronology by the 
40Ar/39Ar method (2nd edition): New York, Oxford University Press, 269 p. 
Mojzsis, S.J., and Harrison, T.M., 2002, Origin and significance of Archean quartzose 
rocks at Akilia, Greenland: Science v. 298, p. 917a. 
Powell, R.E., 1993, Balanced palinspastic reconstruction of pre–late Cenozoic 
paleogeology, southern California, in Powell, R.E., Weldon, R.J., and Matti, J.C., 
eds., The San Andreas fault system: Displacement, palinspastic reconstruction, 
and geologic evolution: Geological Society of America Memoir 178, p. 1–106. 
Reynolds, S.J., Spencer, J.E., Richard, S.M., and Laubach, S.E., 1986, Mesozoic 
structures in west central Arizona: Arizona Geological Society Digest 16, 35–51. 
Richard, S.M., 1993a, Stratigraphy of the Middle and Chocolate Mountains of 
southwestern Arizona, in Sherrod, D.R., and Nielson, J.E., eds., Tertiary 
Stratigraphy of highly extended terranes, California, Arizona, and Nevada: U.S. 
Geological Survey Bulletin 2053, p. 193–197. 
Richard, S.M., 1993b, Stratigraphy of the Ferguson Wash area, southeastern California, 
and adjacent parts of southwestern Arizona, in Sherrod, D.R., and Nielson, J.E., 
eds., Tertiary Stratigraphy of highly extended terranes, California, Arizona, and 
Nevada: U.S. Geological Survey Bulletin 2053, p. 199–203. 
 72 
Richard, S.M., McWilliams, M.O., and Gans, P.B., 1998. 40Ar/39Ar dates from the 
Harquahala and Little Harquahala Mountains, west-central Arizona: Part I. 
Arizona Geological Survey Open-File Report 98-25, p. 25. 
Rubatto, D., 2002, Zircon trace element geochemistry: distribution coefficients and the 
link between U-Pb ages and metamorphism: Chemical Geology, v. 184, p. 123–
138. 
Saleeby, J., 2003, Segmentation of the Laramide Slab—evidence from the southern 
Sierra Nevada region: Geological Society of America Bulletin, v. 115, p. 655–
668. 
Saleeby, J., Farley, K.A., Kistler, R.W., and Fleck, R., 2007, Thermal evolution and 
exhumation of deep-level batholithic exposures, southernmost Sierra Nevada, 
California, in Cloos, M., Carlson, W.D., Gilbert, M.C., Liou, J.G., and Sorensen, 
S.S., eds., Convergent margin terranes and associated regions: A tribute to W.G. 
Ernst: Geological Society of America Special Paper 419, p. 39–66, 
doi:10.1130/2006.2419(01). 
Sherrod, D.R., and Hughes, K.M., 1993, Tertiary Stratigraphy of the southern Trigo 
Mountains, Arizona, and eastern Chocolate Mountains, California: Picacho State 
Park area, in Sherrod, D.R., and Nielson, J.E., eds., Tertiary Stratigraphy of 
highly extended terranes, California, Arizona, and Nevada: U.S., Geological 
Survey Bulletin 2053, p. 189–191. 
Sherrod, D.R., and Tosdal, R.M., 1991, Geologic setting and Tertiary structural evolution 
of southwestern Arizona and southeastern California: Journal of Geophysical 
Research, v. 96, p. 12407–12423. 
 73 
Silver, L.T., 1971, Problems of crystalline rocks of the Transverse Ranges: Geological 
Society of America Abstracts with Programs, v. 3, p. 193–194. 
Silver, L.T., and Nourse, J.A., 1986, The Rand Mountains “thrust” complex in 
comparison with the Vincent thrust-Pelona Schist relationship, southern 
California: Geological Society of America Abstracts with Programs, v. 18, p. 185. 
Silver, L.T., McKinney, C.R., Deutsch, S., and Bolinger, J., 1963, Precambrian age 
determinations in the western San Gabriel Mountains, California: Journal of 
Geology, v. 71, p. 196–214. 
Spencer, J.E., Richard, S.M., Reynolds, S.J., Miller, R.J., Shafiqullah, M., Gilbert, W.G., 
and Grubensky, M.J., 1995, Spatial and temporal relationships between mid-
Tertiary magmatism and extension in southwestern Arizona: Journal of 
Geophysical Research, v. 100, p. 10321–10351. 
Stern, T., Bateman, P.C., Morgan, B.A., Newell, M.F., and Peck, D.L., 1981, Isotopic U-
Pb ages of zircon from the granitoids of the central Sierra Nevada, California: 
U.S. Geological Survey Professional Paper 1185, 17 p. 
Streckeisen, A.L., 1974, Classification and Nomenclature of Plutonic Rocks. 
Recommendations of the IUGS Subcommission on the Systematics of Igneous 
Rocks: Geologische Rundschau. Internationale Zeitschrift für Geologie. Stuttgart. 
v. 63, p. 773–785.  
Streckeisen, A. L., 1978, IUGS Subcommission on the Systematics of Igneous Rocks. 
Classification and Nomenclature of Volcanic Rocks, Lamprophyres, Carbonatites 
and Melilite Rocks. Recommendations and Suggestions: Neues Jahrbuch für 
Mineralogie, Abhandlungen, v. 141, p. 1–14.  
 74 
Tosdal, R.M., 1990, Constraints on the tectonics of the Mule Mountains thrust system, 
southeast California and southwest Arizona: Journal of Geophysical Research 95, 
p. 20025–20048. 
Tosdal, R.M., Haxel, G.B., and Wright, J.E., 1989, Jurassic geology of the Sonoran 
Desert region, southern Arizona, southeastern California, and northernmost 
Sonora: Construction of a continental-margin magmatic arc, in Jenney, J.P., and 
Reynolds, S.J., eds., Geologic evolution of Arizona: Arizona Geological Society 
Digest, v. 17, p. 397–434. 
Wood, D.J., and Saleeby, J.B., 1997, Late Cretaceous-Paleocene extensional collapse and 
disaggregation of the southernmost Sierra Nevada batholith: International 
Geology Review, v. 39, p. 973–1009. 
Wooden, J.L., and Miller, D.M., 1990, Chronologic and isotopic framework for Early 
Proterozoic crustal evolution in the eastern Mojave Desert region, SE California: 
Journal of Geophysical Research, v. 95, p. 20133–20146. 
Yeats, R.S., 1968, Southern California structure, seafloor spreading, and history of the 
Pacific Basin: Geological Society of America Bulletin, v. 79, p. 1693–1702. 
Yin, A., 2002, Passive-roof thrust model for the emplacement of the Pelona-Orocopia 
Schist in southern California, United States: Geology, v. 30, p. 183–186.
Table 1. Relative amounts of minerals present in each sample. x – 0–5%; xx – 6–20%; xxx – 21–50%; xxxx – 51–100% 
Sample  Qtz Pl Kfs Ms Bt Chl Cal Ttn Ep Op Act Rt Tur Ap Ser 
KE10 xxxx                           x 
KE10A xxxx                 x         x 
KE11 xxxx xx         x     x         xx 
KE12 xxx xxx xxx     x     x             
KE12A x xxx       xxx     xx xx           
KE13 x xxxx       xx x   x x xx         
KE13A   xxxx       x     x xx  x         
KE13B xxx xxxx       xx       xx           
KE14 xxx x xxx xx x x x x x             
KE15 xxx xxx   x xx x     xx x           
KE16 xxx xx   xx xx x x   xx             
KE16A xxx xx   xxx xx   x   x             
KE16B xxxx xx   xx xx x x   x             
KE17 xxx xx xxx xx x   x     x           
KE18 xxx xxx   xx x   x   x xx           
KE18A xxx xx   x xx   x x xx x           
KE18B xxx xx   x xx     x xxx             
KE18C xxx xxx   xx                       
KE18D xxx xx   x xx x     xx             
KE19 xxx xxx     xx   x   xx x         x 
KE19A xxx xx xx   xx x x   x             
KE19B xx x         xxxx     xx           
KE20 xxx xx   xxx x x x   xx             
KE21 xxx xxx xxx xx xx x x   x             
KE21A xxx x xxx xx xx       xx             
KE22 xxx xxx x xx xx   x     x         x 
KE23 xxx xxx xx xx xx   x     x           
KE24 xxx xx xxx x           x         x 
KE25 xxx xxx xxx x   x       x       x x 
75 
 
Table 1. (continued) 
Sample  Qtz Pl Kfs Ms Bt Chl Cal Ttn Ep Op Act Rt Tur Ap Ser 
KE25A xxx xx xxx x           x         x 
KE25B xx xxx xxx x   x x   x     x       
KE26 xxx xxx   xx     x x xx           x 
KE26A xxx xxx xx x xx       xx           x 
KE26B xxx  xx xx xx xx x     x           x 
KE27 xxx xxx xx xx x       x x           
KE27A xxx xxx   xx   xx x                 
KE28 xxx   xxx x x         x           
KE29 xxx xx xx xx xx     x x             
KE31 xxx xx x   xxx               x   xx 
KE32 xxx xxx x xxx xx   x   x             
KE33 xxx xx xxx     x       x         x 
KE33A xxx xxx xxx     x x     x           
KE33B xxx xxxx xx     x x   x x           
KE34 xx xxx   xxx x       x         x   
KE35 xxx xxx   xx xx       x           x 
KE35A xxx  xxx xx x xx   x x xx           x 
KE36 xxx xxx     x       x           x 
KE37 xxx xxx     xx   x     xx           
KE38 x xxxx   xx x x xx     x         x 
KE39   xxxx     xx   x     x         x 
KE40 x xxx     xx x     xx x       x x 
KE41 xxxx x                         x 
KE42 xxx xxx         x     x         x 
KE43 xxx  xxx  xxx x   x x     x           
KE44 xxxx     x     x   x             
KE45 xxx xxx xxx   x x x               x 
LE46 xx xxx     xx x xx     x           
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 Table 2. Analytical results for detrital zircon samples from the southeast Castle Dome Mountains 
 
KE10 (rocks of Slumgullion; Castle Dome Mountains)  
     Isotope ratios    Apparent ages (Ma)      
                   
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ± 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) 
                   
KE10-01 313 43605 2.6 13.3561 1.0 1.7806 1.9 0.1725 1.7 0.86 1025.7 15.7 1038.4 12.6 1065.1 20.1 1065.1 20.1 
KE10-02 515 7715 0.7 16.9063 3.1 0.3828 3.2 0.0469 1.0 0.31 295.7 2.9 329.1 9.1 572.6 66.8 295.7 2.9 
KE10-03 307 21785 7.1 17.7244 1.5 0.5935 2.3 0.0763 1.8 0.78 474.0 8.3 473.1 8.8 468.9 32.2 474.0 8.3 
KE10-04 248 23730 0.7 16.3357 1.0 0.8389 2.1 0.0994 1.9 0.88 610.9 10.8 618.6 9.8 646.8 21.6 610.9 10.8 
KE10-05 266 19050 1.4 18.3533 1.9 0.5199 2.6 0.0692 1.7 0.65 431.4 7.0 425.1 8.9 391.2 43.6 431.4 7.0 
KE10-06 225 21670 0.7 16.6291 2.0 0.8532 2.3 0.1029 1.2 0.51 631.4 7.2 626.4 10.9 608.4 43.2 631.4 7.2 
KE10-07 39 7705 2.7 12.7351 2.7 2.0616 2.9 0.1904 1.0 0.34 1123.7 10.3 1136.2 20.0 1160.1 54.4 1160.1 54.4 
KE10-08 98 29380 1.7 10.9775 1.2 2.9906 1.6 0.2381 1.0 0.64 1376.8 12.5 1405.2 12.0 1448.6 23.0 1448.6 23.0 
KE10-09 52 9705 1.9 13.3110 1.4 1.8524 1.7 0.1788 1.0 0.59 1060.6 9.8 1064.3 11.3 1071.9 27.8 1071.9 27.8 
KE10-10 119 10320 0.9 17.9029 2.3 0.5595 3.1 0.0726 2.1 0.66 452.1 9.0 451.2 11.3 446.7 51.4 452.1 9.0 
KE10-11 122 10230 1.2 17.0993 2.6 0.7336 2.8 0.0910 1.0 0.36 561.3 5.4 558.7 12.0 547.8 56.9 561.3 5.4 
KE10-13 138 23175 1.6 12.6699 1.4 2.0974 1.9 0.1927 1.2 0.66 1136.2 12.9 1148.0 13.0 1170.3 28.1 1170.3 28.1 
KE10-12 33 6890 1.8 12.5188 2.9 2.2388 3.1 0.2033 1.0 0.33 1192.9 10.9 1193.3 21.6 1194.0 57.3 1194.0 57.3 
KE10-14 160 11475 1.3 17.8711 2.1 0.5230 2.4 0.0678 1.1 0.46 422.8 4.4 427.1 8.2 450.6 46.4 422.8 4.4 
KE10-15 212 28275 1.5 12.9659 1.3 1.6008 3.7 0.1505 3.5 0.94 904.0 29.6 970.5 23.3 1124.4 25.1 1124.4 25.1 
KE10-16 617 30605 0.5 19.3167 1.6 0.3210 2.1 0.0450 1.3 0.63 283.6 3.7 282.7 5.2 275.2 37.4 283.6 3.7 
KE10-19 250 61500 2.2 12.6799 1.6 2.1243 1.9 0.1954 1.0 0.53 1150.3 10.5 1156.7 13.0 1168.7 31.5 1168.7 31.5 
KE10-20 53 19045 0.9 11.2024 2.8 2.9864 3.0 0.2426 1.2 0.40 1400.4 15.0 1404.2 22.9 1409.9 52.8 1409.9 52.8 
KE10-17 61 24355 1.0 9.8463 1.7 4.1550 2.0 0.2967 1.0 0.51 1675.0 14.8 1665.2 16.1 1652.8 31.5 1652.8 31.5 
KE10-18 48 6385 1.0 16.5669 4.5 0.7744 4.8 0.0930 1.6 0.34 573.5 9.0 582.3 21.4 616.5 97.9 573.5 9.0 
KE10-21 82 2415 0.8 18.9453 11.7 0.1395 11.9 0.0192 2.2 0.18 122.4 2.6 132.6 14.8 319.5 267.3 122.4 2.6 
KE10-22 64 8235 1.5 15.8592 2.2 0.8796 2.4 0.1012 1.0 0.42 621.3 5.9 640.8 11.4 710.1 46.4 621.3 5.9 
KE10-23 55 16770 1.3 13.1404 1.2 1.9027 2.1 0.1813 1.7 0.81 1074.3 16.8 1082.0 13.9 1097.7 24.4 1097.7 24.4 
KE10-24 154 10980 1.7 18.5276 10.6 0.2874 10.7 0.0386 1.5 0.14 244.3 3.7 256.5 24.2 369.9 238.9 244.3 3.7 
KE10-25 69 21815 2.2 12.2902 1.1 2.2547 2.7 0.2010 2.4 0.91 1180.6 26.2 1198.2 18.8 1230.3 21.6 1230.3 21.6 
KE10-26 52 14285 5.0 13.3068 3.9 1.9152 4.1 0.1848 1.0 0.25 1093.3 10.1 1086.4 27.1 1072.5 79.2 1072.5 79.2 
KE10-27 80 23280 1.8 13.4998 1.7 1.8901 1.9 0.1851 1.0 0.51 1094.5 10.1 1077.6 12.9 1043.5 33.7 1043.5 33.7 
KE10-30 136 9060 0.9 19.9102 3.5 0.2541 3.7 0.0367 1.2 0.33 232.3 2.8 229.9 7.6 205.4 81.3 232.3 2.8 
KE10-31 58 2105 1.2 19.7246 12.1 0.2118 12.2 0.0303 1.3 0.11 192.5 2.5 195.1 21.6 227.1 280.9 192.5 2.5 
KE10-32 50 8520 0.8 12.6214 2.7 1.9308 2.9 0.1767 1.0 0.34 1049.2 9.7 1091.8 19.5 1177.9 54.1 1177.9 54.1 77 
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ± 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) 
                   
KE10-33 192 6685 6.2 19.5879 4.2 0.2096 4.3 0.0298 1.0 0.23 189.1 1.9 193.2 7.6 243.1 97.2 189.1 1.9 
KE10-34 157 22335 2.3 16.4487 1.8 0.8619 2.1 0.1028 1.2 0.55 630.9 7.0 631.2 9.9 632.0 37.9 630.9 7.0 
KE10-35 440 33465 9.9 14.6974 1.3 0.8764 5.7 0.0934 5.5 0.97 575.7 30.5 639.0 27.0 869.7 27.6 575.7 30.5 
KE10-36 126 32465 1.0 13.3046 1.8 1.8295 2.0 0.1765 1.0 0.50 1048.0 9.8 1056.1 13.4 1072.8 35.6 1072.8 35.6 
KE10-37 62 18200 2.8 13.7512 2.2 1.7583 2.4 0.1754 1.0 0.42 1041.6 9.6 1030.2 15.5 1006.2 44.2 1006.2 44.2 
KE10-38 248 61735 1.6 12.8297 2.1 2.1222 3.5 0.1975 2.8 0.81 1161.7 30.2 1156.0 24.3 1145.4 41.1 1145.4 41.1 
KE10-39 39 13525 2.3 12.4536 1.7 2.2549 1.9 0.2037 1.0 0.52 1195.0 10.9 1198.3 13.6 1204.3 32.5 1204.3 32.5 
KE10-40 164 60820 3.2 11.3849 1.3 2.8684 1.9 0.2368 1.4 0.73 1370.3 16.7 1373.6 14.0 1378.9 24.6 1378.9 24.6 
KE10-41 88 17290 1.0 13.6692 1.4 1.5283 2.3 0.1515 1.9 0.80 909.4 15.9 941.8 14.4 1018.3 28.6 909.4 15.9 
KE10-42 17 11245 0.7 5.4734 1.1 12.3663 1.9 0.4909 1.5 0.80 2574.6 32.1 2632.6 17.7 2677.5 18.7 2677.5 18.7 
KE10-43 108 14800 1.1 16.5088 1.4 0.7836 2.6 0.0938 2.2 0.83 578.1 11.9 587.5 11.6 624.1 31.0 578.1 11.9 
KE10-44 148 11790 1.3 17.5458 2.6 0.4999 2.7 0.0636 1.0 0.36 397.6 3.9 411.7 9.3 491.3 56.4 397.6 3.9 
KE10-45 156 75520 0.9 10.0599 1.0 3.9724 1.6 0.2898 1.2 0.77 1640.7 17.2 1628.6 12.6 1612.9 18.6 1612.9 18.6 
KE10-46 306 35800 7.1 18.4844 1.3 0.4712 1.6 0.0632 1.0 0.61 394.9 3.8 392.0 5.3 375.2 29.3 394.9 3.8 
KE10-48 57 20455 2.2 11.1042 1.5 2.9746 1.8 0.2396 1.0 0.55 1384.4 12.5 1401.1 13.7 1426.7 28.7 1426.7 28.7 
KE10-49 190 77870 1.5 10.0905 1.1 3.7425 1.5 0.2739 1.0 0.67 1560.5 13.9 1580.5 12.0 1607.3 20.7 1607.3 20.7 
KE10-50 63 11420 1.2 13.7909 2.6 1.3148 3.1 0.1315 1.7 0.55 796.5 12.6 852.2 17.7 1000.3 52.2 796.5 12.6 
KE10-51 66 5810 2.1 15.8567 6.9 0.5615 7.0 0.0646 1.5 0.21 403.4 5.7 452.5 25.7 710.4 146.4 403.4 5.7 
KE10-53 114 55330 1.8 10.1859 1.0 3.7432 2.6 0.2765 2.4 0.92 1573.9 33.2 1580.7 20.7 1589.7 18.7 1589.7 18.7 
KE10-55 117 13985 2.2 17.8071 1.5 0.5021 1.8 0.0649 1.0 0.56 405.1 4.0 413.2 6.1 458.6 33.1 405.1 4.0 
KE10-56 202 60560 3.1 13.4995 1.1 1.7724 1.5 0.1735 1.0 0.67 1031.5 9.5 1035.4 9.7 1043.5 22.4 1043.5 22.4 
KE10-57 89 64695 1.1 5.7685 1.4 11.0483 1.7 0.4622 1.0 0.59 2449.4 20.4 2527.2 15.8 2590.3 22.9 2590.3 22.9 
KE10-58 44 14525 0.8 13.5003 3.0 1.8144 3.6 0.1777 2.1 0.58 1054.2 20.5 1050.7 23.9 1043.4 60.0 1043.4 60.0 
KE10-59 333 42940 3.5 17.6483 1.0 0.6146 1.4 0.0787 1.0 0.71 488.1 4.7 486.4 5.5 478.4 22.1 488.1 4.7 
KE10-60 328 110210 2.3 11.1483 1.0 3.0395 1.5 0.2458 1.1 0.74 1416.6 14.1 1417.6 11.4 1419.1 19.1 1419.1 19.1 
KE10-62 318 205085 1.5 9.7203 1.9 4.3714 2.1 0.3082 1.0 0.47 1731.7 15.2 1707.0 17.6 1676.7 34.7 1676.7 34.7 
KE10-64 35 8595 1.1 16.5441 6.8 0.8059 7.0 0.0967 1.4 0.21 595.0 8.2 600.1 31.7 619.5 147.9 595.0 8.2 
KE10-65 59 57360 3.1 9.3933 2.2 4.7191 3.1 0.3215 2.3 0.73 1797.0 35.9 1770.6 26.3 1739.6 39.4 1739.6 39.4 
KE10-66 13 3820 1.1 11.4395 3.0 2.6871 3.3 0.2229 1.5 0.45 1297.4 17.6 1324.9 24.6 1369.7 57.1 1369.7 57.1 
KE10-67 113 41025 2.1 9.9098 1.0 4.0724 1.4 0.2927 1.0 0.70 1655.0 14.6 1648.8 11.6 1640.9 18.7 1640.9 18.7 
KE10-68 109 11370 1.2 16.9474 2.7 0.7204 3.2 0.0885 1.7 0.53 546.9 8.9 550.9 13.7 567.3 59.3 546.9 8.9 
KE10-69 155 16635 3.1 17.2612 2.8 0.6009 3.0 0.0752 1.0 0.34 467.6 4.5 477.8 11.3 527.2 61.5 467.6 4.5 
KE10-70 56 15710 2.6 13.0511 1.9 2.0629 2.2 0.1953 1.2 0.53 1149.8 12.1 1136.6 14.9 1111.4 37.0 1111.4 37.0 
KE10-71 90 64475 2.4 8.4011 1.1 5.9606 1.5 0.3632 1.1 0.70 1997.2 18.5 1970.1 13.5 1941.7 19.9 1941.7 19.9 78 
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ± 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) 
                   
KE10-72 45 12690 1.5 11.8221 2.7 1.8972 3.9 0.1627 2.9 0.74 971.6 26.0 1080.1 26.0 1306.1 51.5 1306.1 51.5 
KE10-73 134 17330 1.5 15.9779 1.5 0.8758 1.8 0.1015 1.0 0.55 623.1 5.9 638.7 8.7 694.2 32.5 623.1 5.9 
KE10-74 123 19590 0.8 17.1754 2.0 0.6868 2.3 0.0856 1.0 0.44 529.2 5.1 530.9 9.3 538.1 44.3 529.2 5.1 
KE10-75 110 80815 1.5 7.8256 2.3 7.0154 2.6 0.3982 1.1 0.42 2160.6 19.8 2113.4 22.9 2067.7 41.3 2067.7 41.3 
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Table 2. (continued) 
KE10A (rocks of Slumgullion; Castle Dome Mountains)                       
     Isotope ratios    Apparent ages (Ma)      
                   
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age ± 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) 
                   
KE10A-1 156 34890 2.0 7.9285 1.0 6.6460 1.4 0.3822 1.0 0.71 193.7 2.1 2065.5 12.5 2044.7 17.7 2044.7 17.7 
KE10A-3 188 22460 38.8 13.3018 1.0 1.7830 1.7 0.1720 1.4 0.82 202.6 2.0 1039.3 11.3 1073.2 20.1 1073.2 20.1 
KE10A-4 205 32980 2.6 13.3220 1.0 1.8296 1.4 0.1768 1.0 0.71 208.5 2.6 1056.2 9.3 1070.2 20.1 1070.2 20.1 
KE10A-5 94 33390 1.3 10.8178 1.0 3.2886 1.5 0.2580 1.1 0.74 218.6 2.1 1478.4 11.5 1476.4 19.0 1476.4 19.0 
KE10A-6 148 14900 1.9 18.0745 1.8 0.5036 2.2 0.0660 1.2 0.57 224.2 3.7 414.1 7.3 425.4 39.4 412.1 4.9 
KE10A-7 119 13965 0.8 16.3606 1.6 0.8261 2.0 0.0980 1.3 0.64 228.5 2.5 611.5 9.4 643.5 33.7 602.8 7.5 
KE10A-8 356 11600 1.2 18.6117 3.1 0.2435 3.4 0.0329 1.3 0.38 318.0 3.1 221.3 6.7 359.7 70.1 208.5 2.6 
KE10A-9 129 8945 0.5 15.7330 7.0 0.7427 7.3 0.0847 1.9 0.26 332.5 3.2 564.0 31.4 727.0 148.8 524.4 9.6 
KE10A-10 119 40030 1.2 13.4765 1.0 1.8110 2.5 0.1770 2.3 0.91 361.9 4.3 1049.5 16.2 1047.0 20.2 1047.0 20.2 
KE10A-11 94 5585 0.7 17.1093 7.5 0.4075 7.5 0.0506 1.0 0.13 396.0 3.8 347.1 22.2 546.6 163.3 318.0 3.1 
KE10A-12 124 15095 1.6 12.0219 2.1 1.8373 3.3 0.1602 2.6 0.78 407.6 5.5 1058.9 21.7 1273.5 40.6 1273.5 40.6 
KE10A-13 23 13550 1.5 5.2367 1.8 13.7500 2.1 0.5222 1.0 0.50 408.1 4.0 2732.6 19.4 2750.4 29.3 2750.4 29.3 
KE10A-14 205 10930 1.5 17.4789 6.7 0.4175 6.8 0.0529 1.0 0.15 412.1 4.9 354.3 20.4 499.7 148.4 332.5 3.2 
KE10A-15 97 9280 0.6 15.7532 4.1 0.7555 4.2 0.0863 1.0 0.25 430.1 4.2 571.4 18.5 724.3 87.2 533.7 5.3 
KE10A-16 134 11915 2.4 11.5772 3.8 2.4569 4.0 0.2063 1.3 0.33 430.1 4.4 1259.5 29.2 1346.6 73.8 1346.6 73.8 
KE10A-17 45 8300 1.1 11.0689 3.7 2.8308 4.0 0.2273 1.5 0.38 435.2 4.2 1363.7 30.3 1432.8 71.2 1432.8 71.2 
KE10A-18 136 14740 2.1 11.4294 3.7 2.6728 4.2 0.2216 2.0 0.47 453.8 4.4 1321.0 30.7 1371.4 70.5 1371.4 70.5 
KE10A-19 107 23885 1.1 10.7203 2.1 3.2992 2.4 0.2565 1.2 0.49 454.2 5.4 1480.9 18.7 1493.6 39.6 1493.6 39.6 
KE10A-20 74 19405 1.5 13.4114 3.2 1.8638 3.7 0.1813 1.8 0.49 477.9 4.6 1068.3 24.3 1056.7 64.5 1056.7 64.5 
KE10A-21 182 28680 1.0 9.5828 1.9 4.0786 2.6 0.2835 1.8 0.70 524.4 9.6 1650.0 21.3 1702.9 34.5 1702.9 34.5 
KE10A-22 348 14160 1.1 15.1339 3.7 0.9267 4.4 0.1017 2.3 0.52 533.7 5.3 665.9 21.4 808.8 78.4 624.5 13.6 
KE10A-23 32 7080 1.5 6.2952 4.9 9.1320 5.0 0.4169 1.0 0.20 554.8 7.8 2351.3 45.7 2443.5 82.7 2443.5 82.7 
KE10A-24 165 6345 1.6 15.2274 9.7 0.6247 9.8 0.0690 1.0 0.10 572.8 5.5 492.8 38.2 795.9 204.3 430.1 4.2 
KE10A-25 131 16660 1.2 11.2102 1.2 2.8007 1.8 0.2277 1.4 0.75 598.2 10.6 1355.7 13.5 1408.5 22.8 1408.5 22.8 
KE10A-26 158 18285 2.5 17.8478 1.4 0.5049 1.7 0.0654 1.0 0.58 602.8 7.5 415.0 5.8 453.5 30.8 408.1 4.0 
KE10A-27 41 15990 1.6 13.0005 1.5 2.0253 2.6 0.1910 2.2 0.83 610.1 5.9 1124.0 18.0 1119.1 29.4 1119.1 29.4 
KE10A-28 85 16030 1.6 12.0163 4.0 2.1608 4.1 0.1883 1.0 0.24 624.5 13.6 1168.5 28.6 1274.4 78.1 1274.4 78.1 
KE10A-29 143 84900 1.0 5.5047 1.0 12.7697 1.4 0.5098 1.0 0.71 628.6 12.7 2662.8 13.3 2668.1 16.6 2668.1 16.6 
KE10A-30 190 8925 0.8 19.0665 4.2 0.2610 4.3 0.0361 1.1 0.26 957.9 22.9 235.4 9.0 305.0 94.6 228.5 2.5 
KE10A-31 336 130770 3.9 7.6352 1.0 6.3521 1.4 0.3518 1.0 0.71 963.4 36.9 2025.7 12.4 2111.0 17.5 2111.0 17.5 80 
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age ± 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) 
                   
KE10A-32 18 12910 0.4 5.5910 1.0 12.7115 1.9 0.5154 1.6 0.85 1000.4 17.5 2658.5 18.0 2642.3 16.6 2642.3 16.6 
KE10A-33 47 12705 2.1 13.2040 1.3 1.8708 1.8 0.1792 1.3 0.69 1023.2 13.3 1070.8 12.2 1088.0 26.7 1088.0 26.7 
KE10A-34 91 21605 2.4 13.1429 1.0 1.8808 1.4 0.1793 1.0 0.69 1031.1 16.6 1074.3 9.6 1097.3 20.8 1097.3 20.8 
KE10A-35 35 17835 0.9 6.6224 1.2 8.9864 1.5 0.4316 1.0 0.65 1039.9 9.6 2336.6 14.0 2357.3 19.8 2357.3 19.8 
KE10A-36 144 44595 1.8 10.6582 1.0 3.4537 1.4 0.2670 1.0 0.71 1049.4 9.7 1516.7 11.1 1504.6 18.9 1504.6 18.9 
KE10A-37 84 8565 0.4 15.8904 3.4 0.8438 3.9 0.0972 1.9 0.48 1050.6 21.9 621.2 18.2 705.9 73.3 598.2 10.6 
KE10A-38 67 23235 1.7 13.3648 1.0 1.8736 1.7 0.1816 1.4 0.82 1057.6 14.5 1071.8 11.4 1063.7 20.1 1063.7 20.1 
KE10A-39 75 4100 1.2 18.1746 10.4 0.2616 10.5 0.0345 1.0 0.10 1062.4 12.5 236.0 22.0 413.1 233.4 218.6 2.1 
KE10A-40 170 43305 1.5 10.3928 1.4 3.6521 1.7 0.2753 1.0 0.57 1063.0 9.8 1561.0 13.9 1552.1 26.9 1552.1 26.9 
KE10A-41 153 2250 2.0 12.4025 18.6 0.3549 18.6 0.0319 1.0 0.05 1070.2 16.7 308.4 49.6 1212.4 369.6 202.6 2.0 
KE10A-42 264 18630 0.9 17.0486 2.3 0.5903 2.6 0.0730 1.2 0.46 1074.0 18.0 471.1 9.9 554.3 50.9 454.2 5.4 
KE10A-43 208 6575 1.3 14.9065 9.3 0.6460 9.4 0.0698 1.0 0.11 1075.8 14.0 506.0 37.5 840.4 194.9 435.2 4.2 
KE10A-44 45 11070 1.4 10.2883 4.1 3.4735 4.2 0.2592 1.0 0.24 1112.3 10.2 1521.2 32.9 1571.0 76.0 1571.0 76.0 
KE10A-45 172 8465 0.6 15.0594 3.7 0.8507 3.8 0.0929 1.0 0.26 1126.6 22.7 625.0 17.7 819.1 76.3 572.8 5.5 
KE10A-46 94 24380 2.8 9.9533 1.7 4.0685 2.1 0.2937 1.3 0.59 1145.6 17.1 1648.0 17.5 1632.8 32.4 1632.8 32.4 
KE10A-47 169 12955 1.2 18.3667 1.7 0.5180 2.0 0.0690 1.1 0.52 1167.4 27.2 423.8 7.0 389.5 38.5 430.1 4.4 
KE10A-48 263 23070 17.6 17.5078 10.4 0.5140 10.5 0.0653 1.4 0.13 1209.1 14.6 421.2 36.2 496.0 229.8 407.6 5.5 
KE10A-49 52 13105 1.4 13.5860 2.5 1.7604 3.0 0.1735 1.7 0.57 1290.1 22.8 1031.0 19.6 1030.6 50.2 1030.6 50.2 
KE10A-50 73 9640 0.9 16.5334 2.5 0.7495 2.9 0.0899 1.5 0.51 1317.1 33.8 568.0 12.5 620.9 53.5 554.8 7.8 
KE10A-51 129 22585 1.7 13.6148 2.3 1.8289 2.8 0.1806 1.7 0.59 1320.1 18.3 1055.9 18.7 1026.4 46.3 1026.4 46.3 
KE10A-52 396 11650 2.9 19.0264 3.8 0.2210 3.9 0.0305 1.1 0.28 1322.5 16.3 202.8 7.2 309.8 85.5 193.7 2.1 
KE10A-53 102 30130 2.4 10.3680 1.2 3.0146 3.1 0.2267 2.8 0.93 1472.0 15.4 1411.3 23.4 1556.6 21.8 1556.6 21.8 
KE10A-54 76 49955 0.7 5.3569 1.0 13.0471 1.8 0.5069 1.5 0.83 1479.7 14.4 2683.1 17.0 2713.1 16.5 2713.1 16.5 
KE10A-55 52 31270 0.8 5.3853 1.0 13.8189 1.4 0.5397 1.0 0.71 1485.7 13.3 2737.4 13.4 2704.4 16.5 2704.4 16.5 
KE10A-56 29 8500 2.6 13.7842 3.7 1.6123 5.5 0.1612 4.1 0.75 1525.4 13.6 975.0 34.6 1001.3 74.6 1001.3 74.6 
KE10A-57 119 10760 0.7 15.9921 2.9 0.8559 3.0 0.0993 1.0 0.33 1567.5 13.9 627.9 14.3 692.3 61.2 610.1 5.9 
KE10A-58 54 27450 0.8 5.7562 1.2 11.1332 3.0 0.4648 2.8 0.92 1608.8 26.1 2534.3 28.0 2593.9 19.7 2593.9 19.7 
KE10A-59 224 20940 1.0 17.5340 2.2 0.5735 2.4 0.0729 1.0 0.42 1660.0 18.4 460.3 8.9 492.8 48.3 453.8 4.4 
KE10A-60 249 62670 1.6 12.8068 1.7 2.0938 2.4 0.1945 1.6 0.68 1681.3 14.8 1146.8 16.4 1149.0 34.6 1149.0 34.6 
KE10A-61 125 11295 2.0 17.3263 4.8 0.5042 4.9 0.0634 1.0 0.21 1699.1 14.9 414.5 16.6 519.0 104.8 396.0 3.8 
KE10A-62 110 7600 1.6 16.7626 3.5 0.4749 3.7 0.0577 1.2 0.33 1739.6 35.1 394.6 12.1 591.1 75.6 361.9 4.3 
KE10A-63 97 40050 1.8 8.5426 1.5 4.8096 1.8 0.2980 1.0 0.55 1943.0 16.8 1786.6 15.2 1911.8 27.1 1911.8 27.1 
KE10A-64 20 4585 1.0 10.8078 4.3 2.5326 5.0 0.1985 2.6 0.51 2086.4 17.8 1281.5 36.1 1478.2 80.7 1478.2 80.7 
KE10A-65 116 50885 0.8 9.4584 1.4 4.5159 2.7 0.3098 2.3 0.86 2246.6 19.0 1733.9 22.3 1727.0 25.5 1727.0 25.5 81 
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age ± 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) 
                   
KE10A-66 54 3785 1.3 18.7104 11.8 0.2608 11.9 0.0354 1.7 0.14 2313.0 19.4 235.3 25.0 347.8 266.9 224.2 3.7 
KE10A-67 82 22830 1.2 16.6377 2.5 0.8487 3.2 0.1024 2.1 0.65 2460.7 56.5 624.0 15.1 607.3 53.3 628.6 12.7 
KE10A-68 356 154160 18.6 14.0363 2.6 1.6491 3.2 0.1679 1.9 0.59 2569.1 21.2 989.2 20.3 964.4 52.9 964.4 52.9 
KE10A-71 85 18810 7.8 13.2062 1.5 1.8277 1.8 0.1751 1.0 0.55 2643.4 32.5 1055.5 11.9 1087.7 30.3 1087.7 30.3 
KE10A-72 70 17185 1.7 13.1708 1.8 1.8663 2.4 0.1783 1.5 0.63 2655.8 21.8 1069.2 15.6 1093.1 36.7 1093.1 36.7 
KE10A-73 435 157505 11.4 9.7323 1.9 4.2723 2.1 0.3016 1.0 0.47 2679.8 35.7 1688.0 17.4 1674.4 34.4 1674.4 34.4 
KE10A-74 90 58400 1.7 5.8545 1.0 11.5313 1.4 0.4896 1.0 0.71 2708.6 22.6 2567.1 13.2 2565.6 16.7 2565.6 16.7 
KE10A-75 89 10220 1.2 16.8443 4.8 0.6299 4.9 0.0770 1.0 0.20 2782.3 22.6 496.0 19.4 580.6 105.1 477.9 4.6 
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Table 2. (continued) 
KE11 (rocks of Slumgullion; Castle Dome Mountains)                       
     Isotope ratios    Apparent ages (Ma)      
                   
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age ± 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) 
                   
KE11-01 61 30575 2.1 11.2446 2.4 3.0092 3.1 0.2454 1.9 0.61 77.2 0.8 1410.0 23.4 1402.7 46.6 77.2 0.8 
KE11-02 87 70055 2.2 11.2402 4.1 3.0939 4.4 0.2522 1.6 0.36 78.1 1.5 1431.2 33.7 1403.4 78.4 78.1 1.5 
KE11-03 148 69775 2.4 11.3016 2.1 2.8659 3.2 0.2349 2.4 0.75 78.4 2.5 1373.0 23.7 1393.0 39.7 78.4 2.5 
KE11-04 242 7390 1.3 20.8426 6.2 0.0810 7.0 0.0122 3.2 0.46 166.9 5.4 79.1 5.3 98.2 147.9 166.9 5.4 
KE11-05 230 73260 3.0 11.5315 2.1 2.4927 2.3 0.2085 1.1 0.47 170.6 4.7 1269.9 17.0 1354.2 39.9 170.6 4.7 
KE11-06 90 63140 1.2 9.6565 2.2 4.2349 2.4 0.2966 1.0 0.41 172.9 1.7 1680.8 19.9 1688.8 40.8 172.9 1.7 
KE11-07 211 106805 3.5 11.3210 3.4 2.8846 3.6 0.2369 1.2 0.34 173.2 1.9 1377.9 26.9 1389.7 64.3 173.2 1.9 
KE11-08 117 53815 2.2 11.2774 2.1 2.8810 2.7 0.2356 1.8 0.65 173.9 4.0 1376.9 20.6 1397.1 39.7 173.9 4.0 
KE11-09 129 58650 2.4 11.2696 2.0 2.8449 2.4 0.2325 1.2 0.53 175.1 3.4 1367.5 17.7 1398.4 38.3 175.1 3.4 
KE11-10 142 88545 2.1 11.3132 2.1 2.9347 2.6 0.2408 1.5 0.57 175.8 1.7 1390.9 19.6 1391.0 40.9 175.8 1.7 
KE11-11 133 32405 1.3 11.1283 1.4 3.1016 1.8 0.2503 1.0 0.57 183.4 2.9 1433.1 13.5 1422.6 27.5 183.4 2.9 
KE11-12 139 7720 1.1 20.1424 4.5 0.1861 4.6 0.0272 1.0 0.22 184.5 3.2 173.3 7.4 178.4 105.3 184.5 3.2 
KE11-13 122 71870 2.0 11.3443 2.0 2.8515 2.7 0.2346 1.8 0.67 212.9 4.0 1369.2 20.0 1385.7 37.8 212.9 4.0 
KE11-14 82 36285 2.2 11.2806 1.4 2.8903 2.8 0.2365 2.4 0.86 1026.1 64.8 1379.4 21.3 1396.6 27.4 1354.2 39.9 
KE11-15 96 58680 1.9 11.2102 2.4 2.9198 2.9 0.2374 1.6 0.55 1098.7 16.5 1387.1 21.9 1408.5 46.1 1382.3 51.1 
KE11-16 200 113885 3.8 11.2540 1.6 2.8844 1.9 0.2354 1.0 0.53 1220.7 12.2 1377.8 14.3 1401.1 30.9 1385.7 37.8 
KE11-17 420 14205 1.6 20.5638 3.0 0.0817 3.6 0.0122 1.9 0.53 1304.0 26.1 79.7 2.7 130.0 71.1 1387.7 46.7 
KE11-18 149 65805 2.4 11.1222 1.0 2.9430 1.8 0.2374 1.5 0.82 1315.8 19.2 1393.0 13.4 1423.6 19.1 1389.7 64.3 
KE11-19 150 89480 2.1 11.1656 1.9 3.0323 2.4 0.2456 1.4 0.59 1319.0 11.9 1415.8 18.3 1416.2 36.9 1391.0 40.9 
KE11-20 108 50930 2.1 11.0954 1.3 3.0322 1.6 0.2440 1.0 0.62 1322.5 29.3 1415.8 12.2 1428.2 23.9 1393.0 39.7 
KE11-21 140 62970 1.2 10.9535 3.1 3.0087 3.5 0.2390 1.5 0.44 1333.1 18.8 1409.8 26.5 1452.8 59.6 1395.2 29.0 
KE11-22 143 90325 1.9 11.1959 2.7 3.1980 2.9 0.2597 1.0 0.34 1333.8 13.9 1456.7 22.6 1411.0 52.4 1396.4 30.7 
KE11-23 102 4600 0.8 17.9906 3.8 0.2011 5.0 0.0262 3.3 0.65 1336.8 26.8 186.0 8.5 435.8 84.3 1396.5 33.4 
KE11-24 115 4405 1.0 17.3875 6.8 0.2126 7.4 0.0268 2.8 0.38 1337.4 12.1 195.8 13.1 511.2 149.9 1396.6 27.4 
KE11-25 129 76605 2.2 11.1829 1.3 3.0444 1.6 0.2469 1.0 0.62 1340.3 14.0 1418.8 12.4 1413.2 24.3 1397.1 39.7 
KE11-26 177 70110 2.1 11.2145 1.0 2.8475 1.8 0.2316 1.5 0.84 1340.4 14.4 1368.1 13.7 1407.8 19.2 1397.5 25.7 
KE11-27 208 80885 1.9 11.1349 1.0 2.8618 1.5 0.2311 1.2 0.76 1341.5 12.1 1371.9 11.5 1421.4 19.1 1398.2 19.7 
KE11-28 205 90310 1.9 11.2710 1.0 2.8120 1.5 0.2299 1.2 0.74 1342.9 18.4 1358.8 11.6 1398.2 19.7 1398.4 38.3 
KE11-29 109 54055 2.0 11.2749 1.3 2.8095 2.1 0.2297 1.6 0.76 1344.6 20.4 1358.1 15.4 1397.5 25.7 1399.3 19.2 
KE11-30 133 67710 2.1 11.2122 1.1 2.8339 2.5 0.2304 2.2 0.90 1346.2 12.1 1364.5 18.5 1408.2 20.5 1401.1 30.9 83 
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age ± 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) 
                   
KE11-31 106 27510 1.1 11.0500 1.0 2.8331 1.4 0.2270 1.0 0.71 1347.8 15.1 1364.3 10.6 1436.0 19.1 1402.0 32.6 
KE11-32 247 108875 1.9 11.1720 1.0 2.9125 1.4 0.2360 1.0 0.71 1348.2 14.6 1385.2 10.7 1415.1 19.1 1402.7 46.6 
KE11-33 177 70635 1.9 11.0832 1.1 2.8890 1.5 0.2322 1.0 0.69 1349.2 12.2 1379.0 11.0 1430.3 20.2 1403.4 78.4 
KE11-34 174 78630 2.2 11.1713 1.0 2.9257 1.4 0.2370 1.0 0.71 1353.5 12.2 1388.6 10.7 1415.2 19.1 1403.7 26.8 
KE11-35 127 5350 0.8 17.7612 6.0 0.2240 6.2 0.0289 1.6 0.26 1354.2 15.0 205.3 11.5 464.3 132.2 1406.4 19.1 
KE11-36 269 103765 2.8 11.1548 1.0 2.9247 1.4 0.2366 1.0 0.71 1356.5 12.2 1388.3 10.7 1418.0 19.1 1407.8 19.2 
KE11-37 238 121165 2.3 11.2225 1.0 2.9096 1.4 0.2368 1.0 0.71 1357.3 12.2 1384.4 10.7 1406.4 19.1 1408.2 20.5 
KE11-38 182 9820 1.8 19.0821 2.4 0.2427 3.1 0.0336 1.9 0.62 1358.1 22.2 220.6 6.1 303.1 54.8 1408.5 46.1 
KE11-39 158 57725 2.1 11.1048 1.3 3.0374 1.6 0.2446 1.0 0.61 1358.6 12.2 1417.1 12.5 1426.6 24.8 1410.5 19.1 
KE11-40 253 99275 2.7 11.1880 1.0 2.8793 1.4 0.2336 1.0 0.71 1358.6 21.8 1376.5 10.7 1412.3 19.1 1411.0 52.4 
KE11-41 163 106065 2.5 10.0633 4.8 3.4441 5.0 0.2514 1.5 0.29 1360.2 29.2 1514.5 39.5 1612.3 89.5 1412.3 19.1 
KE11-42 133 47470 2.0 11.0724 1.0 2.9184 1.4 0.2344 1.0 0.71 1361.5 14.2 1386.7 10.7 1432.2 19.1 1413.2 24.3 
KE11-43 175 64760 2.0 11.1670 1.0 2.8537 1.6 0.2311 1.2 0.76 1362.6 12.3 1369.8 11.8 1415.9 19.7 1415.1 19.1 
KE11-44 187 64265 1.7 11.1184 1.0 2.8847 1.6 0.2326 1.2 0.77 1362.9 12.3 1377.9 11.8 1424.3 19.1 1415.2 19.1 
KE11-45 230 84295 1.5 11.1986 1.0 2.8388 1.4 0.2306 1.0 0.71 1364.0 22.0 1365.8 10.6 1410.5 19.1 1415.9 19.7 
KE11-46 100 74490 2.9 11.0669 1.0 2.8894 2.0 0.2319 1.7 0.86 1364.4 14.5 1379.2 14.8 1433.1 19.1 1416.2 36.9 
KE11-47 161 99970 2.1 11.1516 2.4 2.9076 2.7 0.2352 1.2 0.43 1365.8 12.3 1383.9 20.2 1418.6 46.1 1417.2 19.1 
KE11-48 157 98670 2.3 11.3329 2.4 2.8637 2.6 0.2354 1.0 0.38 1367.1 12.3 1372.4 19.8 1387.7 46.7 1418.0 19.1 
KE11-50 147 89050 2.2 11.1447 2.4 2.9228 2.8 0.2362 1.3 0.48 1367.2 16.4 1387.8 21.0 1419.8 46.5 1418.6 46.1 
KE11-49 123 68950 2.4 11.0780 1.4 2.8183 2.1 0.2264 1.6 0.76 1368.3 30.0 1360.4 15.8 1431.2 26.2 1419.8 46.5 
KE11-51 142 63230 2.3 11.2483 1.7 2.8958 2.0 0.2362 1.0 0.51 1369.1 12.3 1380.8 14.9 1402.0 32.6 1419.8 19.1 
KE11-52 135 75675 3.0 10.9689 2.5 2.9808 2.8 0.2371 1.4 0.49 1370.2 12.3 1402.7 21.7 1450.1 47.2 1420.5 30.0 
KE11-53 162 65705 1.9 11.2809 1.7 2.8454 2.0 0.2328 1.0 0.50 1370.3 14.9 1367.6 15.1 1396.5 33.4 1421.4 19.1 
KE11-54 167 69895 1.9 11.1401 1.6 2.9025 2.4 0.2345 1.8 0.76 1371.3 12.4 1382.6 18.1 1420.5 30.0 1422.6 27.5 
KE11-55 176 62355 2.7 11.1035 1.0 2.8278 2.6 0.2277 2.5 0.93 1371.8 17.3 1362.9 19.9 1426.8 19.1 1423.6 19.1 
KE11-56 144 100150 1.8 11.0577 2.4 3.0037 2.6 0.2409 1.0 0.39 1373.1 19.8 1408.6 19.6 1434.7 45.2 1424.3 19.1 
KE11-57 120 76495 2.4 11.3644 2.7 3.0154 2.9 0.2485 1.1 0.38 1373.2 18.1 1411.5 22.0 1382.3 51.1 1425.8 27.5 
KE11-58 158 105750 2.1 11.0786 1.1 2.9699 1.9 0.2386 1.6 0.83 1379.6 19.4 1399.9 14.3 1431.1 20.0 1426.6 24.8 
KE11-59 300 12740 0.6 19.2649 3.8 0.1978 3.9 0.0276 1.0 0.25 1381.6 18.9 183.3 6.6 281.3 87.3 1426.8 19.1 
KE11-60 110 54650 1.3 10.9316 1.2 2.9177 1.5 0.2313 1.0 0.65 1385.3 20.9 1386.5 11.7 1456.6 22.4 1428.2 23.9 
KE11-61 186 82580 2.2 11.2883 1.5 2.8791 1.9 0.2357 1.2 0.62 1388.0 21.7 1376.4 14.4 1395.2 29.0 1430.3 20.2 
KE11-62 208 27355 1.5 10.8923 2.1 2.1842 7.1 0.1726 6.8 0.96 1390.8 18.3 1176.0 49.8 1463.4 39.9 1431.1 20.0 
KE11-63 262 77920 1.5 11.2642 1.0 2.7443 2.4 0.2242 2.2 0.91 1391.3 12.5 1340.5 18.1 1399.3 19.2 1431.2 26.2 
KE11-65 444 8405 1.6 19.9675 4.4 0.0832 4.6 0.0120 1.0 0.22 1394.8 19.6 81.1 3.6 198.7 103.3 1432.2 19.1 84 
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age ± 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) 
                   
KE11-64 131 14845 2.3 10.4058 2.1 3.1764 2.7 0.2397 1.7 0.63 1407.5 12.6 1451.4 20.6 1549.7 38.8 1433.1 19.1 
KE11-66 553 14160 1.7 18.2569 3.7 0.2079 4.2 0.0275 2.0 0.47 1410.7 12.7 191.8 7.4 403.0 83.3 1434.7 45.2 
KE11-67 486 33745 1.3 19.8074 2.6 0.2021 3.2 0.0290 1.8 0.56 1414.8 23.9 186.9 5.4 217.4 60.4 1436.0 19.1 
KE11-68 134 70715 1.8 11.1093 1.4 2.9067 1.8 0.2342 1.0 0.57 1415.5 18.0 1383.6 13.2 1425.8 27.5 1450.1 47.2 
KE11-69 310 22905 2.4 20.3687 1.9 0.1843 2.2 0.0272 1.1 0.50 1422.6 12.8 171.7 3.5 152.3 45.0 1452.8 59.6 
KE11-70 247 95495 1.6 11.1596 1.0 2.8985 1.4 0.2346 1.0 0.71 1430.9 14.1 1381.5 10.7 1417.2 19.1 1456.6 22.4 
KE11-71 399 11270 2.9 18.3760 6.0 0.2052 6.4 0.0273 2.3 0.36 1440.2 12.9 189.5 11.1 388.4 134.9 1463.4 39.9 
KE11-72 144 82335 2.2 11.2383 1.4 2.9636 2.1 0.2416 1.6 0.74 1445.5 19.2 1398.3 15.9 1403.7 26.8 1489.5 55.5 
KE11-73 193 93285 1.5 11.2812 1.6 2.9363 2.4 0.2402 1.7 0.74 1449.9 20.6 1391.3 17.9 1396.4 30.7 1549.7 38.8 
KE11-74 215 93090 2.1 11.1443 1.0 2.8921 1.6 0.2338 1.2 0.78 1488.2 13.3 1379.9 12.0 1419.8 19.1 1612.3 89.5 
KE11-75 175 15900 1.3 10.7433 2.9 2.3849 3.4 0.1858 1.6 0.49 1674.4 14.7 1238.1 24.0 1489.5 55.5 1688.8 40.8 
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Table 2. (continued) 
KE12 (monzogranite; Castle Dome Mountains)                         
     Isotope ratios    Apparent ages (Ma)      
                   
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age ± 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) 
                   
KE12-1 601 13735 0.7 20.3491 2.5 0.1628 2.8 0.0240 1.1 0.40 151.6 1.6 153.1 3.9 154.6 59.5 153.0 1.7 
KE12-2 377 13035 0.8 20.5349 2.8 0.1614 3.8 0.0240 2.6 0.68 153.0 1.7 151.9 5.4 133.3 66.3 153.1 4.0 
KE12-3 395 12115 1.4 19.8466 3.4 0.1796 4.2 0.0259 2.6 0.61 153.1 4.0 167.7 6.5 212.8 77.7 164.6 4.2 
KE12-4 658 17695 1.0 19.9865 1.4 0.1714 1.8 0.0248 1.1 0.64 154.5 2.4 160.7 2.7 196.5 32.2 158.2 1.8 
KE12-5 896 31150 3.6 19.8270 1.4 0.1690 1.7 0.0243 1.0 0.59 154.8 1.5 158.6 2.5 215.1 31.6 154.8 1.5 
KE12-6 607 27700 0.8 20.2097 2.9 0.1747 3.1 0.0256 1.0 0.33 155.5 2.7 163.5 4.6 170.7 67.4 163.0 1.6 
KE12-7 372 12630 1.4 20.3207 4.2 0.1675 4.7 0.0247 2.2 0.47 157.2 3.4 157.2 6.9 157.9 97.9 157.2 3.4 
KE12-8 774 25900 1.4 20.3940 2.2 0.1651 2.8 0.0244 1.7 0.63 158.2 1.8 155.1 4.0 149.4 50.7 155.5 2.7 
KE12-9 756 20980 1.0 18.9042 7.4 0.1769 7.5 0.0243 1.6 0.21 158.6 2.4 165.4 11.5 324.4 167.8 154.5 2.4 
KE12-10 828 29840 0.7 20.4067 1.0 0.1683 1.9 0.0249 1.6 0.84 161.5 5.1 157.9 2.7 148.0 24.1 158.6 2.4 
KE12-11 593 22775 1.3 20.2272 1.7 0.1747 3.3 0.0256 2.9 0.87 163.0 1.6 163.5 5.0 168.6 39.0 163.2 4.7 
KE12-12 454 21725 0.6 20.3503 3.4 0.1821 3.7 0.0269 1.4 0.37 163.2 4.7 169.9 5.8 154.5 80.4 171.0 2.3 
KE12-13 272 11035 0.8 20.2776 4.5 0.1725 5.5 0.0254 3.2 0.58 164.2 3.1 161.6 8.3 162.8 105.7 161.5 5.1 
KE12-14 377 18370 1.6 20.5843 3.6 0.1729 4.1 0.0258 1.9 0.48 164.6 4.2 161.9 6.1 127.6 83.9 164.2 3.1 
KE12-15 642 17710 0.8 19.9212 1.7 0.1647 2.0 0.0238 1.1 0.52 171.0 2.3 154.8 2.9 204.1 39.7 151.6 1.6 
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Table 2. (continued) 
KE16 (Orocopia Schist; Castle Dome Mountains)                           
     Isotope ratios    Apparent ages (Ma)      
                   
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age ± 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) 
                   
KE16-01 857 15565 0.9 20.9507 2.7 0.0917 3.1 0.0139 1.6 0.51 89.2 1.4 89.1 2.7 85.9 63.9 89.2 1.4 
KE16-02 979 14895 2.1 21.0540 1.9 0.0847 2.1 0.0129 1.0 0.47 82.8 0.8 82.5 1.7 74.3 44.5 82.8 0.8 
KE16-03 59 18545 0.4 11.1222 1.2 2.6578 2.1 0.2144 1.7 0.83 1252.2 19.8 1316.8 15.4 1423.6 22.0 1423.6 22.0 
KE16-05 383 80285 0.7 11.2276 1.9 2.1711 2.1 0.1768 1.0 0.47 1049.4 9.7 1171.8 14.9 1405.6 36.4 1405.6 36.4 
KE16-06 719 11110 1.0 21.6403 3.7 0.0740 3.9 0.0116 1.2 0.31 74.4 0.9 72.5 2.7 8.6 89.1 74.4 0.9 
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Table 2. (continued) 
KE23 (Orocopia Schist; Castle Dome Mountains)                         
     Isotope ratios     Apparent ages (Ma)     
                   
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age ± 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) 
                   
KE23-18 808 9575 0.4 18.8144 6.2 0.0807 6.7 0.0110 2.5 0.37 70.6 1.7 78.8 5.1 335.2 140.6 70.6 1.7 
KE23-07 520 8510 0.7 20.6868 4.5 0.0792 4.6 0.0119 1.0 0.22 76.1 0.8 77.4 3.4 115.9 105.5 76.1 0.8 
KE23-13 68 1140 0.6 16.3065 20.5 0.1022 20.5 0.0121 1.0 0.05 77.4 0.8 98.8 19.3 650.6 443.9 77.4 0.8 
KE23-30 552 12070 1.2 20.9789 4.3 0.0797 4.6 0.0121 1.6 0.35 77.7 1.3 77.8 3.5 82.8 103.0 77.7 1.3 
KE23-24 176 2405 0.4 16.4500 9.2 0.1050 9.9 0.0125 3.6 0.36 80.3 2.8 101.4 9.6 631.8 199.2 80.3 2.8 
KE23-19 4361 46160 2.0 19.0346 8.9 0.1558 9.3 0.0215 2.7 0.29 137.2 3.7 147.0 12.7 308.8 203.3 137.2 3.7 
KE23-28 524 11390 1.0 19.2213 3.7 0.1605 3.8 0.0224 1.0 0.26 142.7 1.4 151.1 5.4 286.5 84.8 142.7 1.4 
KE23-09 2586 62960 0.5 20.0949 1.0 0.1545 1.5 0.0225 1.1 0.73 143.6 1.6 145.9 2.0 184.0 23.8 143.6 1.6 
KE23-03 343 6795 0.3 19.8845 4.2 0.1573 4.5 0.0227 1.6 0.36 144.6 2.3 148.3 6.2 208.4 96.8 144.6 2.3 
KE23-22 134 5150 0.5 19.9581 10.1 0.1644 10.1 0.0238 1.2 0.12 151.6 1.8 154.5 14.5 199.8 234.0 151.6 1.8 
KE23-15 232 5535 0.4 17.0200 6.6 0.1941 7.7 0.0240 4.0 0.52 152.7 6.1 180.1 12.7 558.0 143.7 152.7 6.1 
KE23-21 109 3880 0.4 20.4938 11.1 0.1632 11.2 0.0243 1.6 0.14 154.5 2.4 153.5 16.0 138.0 261.6 154.5 2.4 
KE23-10 740 28395 1.1 20.1979 1.7 0.1699 2.2 0.0249 1.4 0.64 158.5 2.2 159.4 3.2 172.0 39.3 158.5 2.2 
KE23-02 121 3125 0.6 20.9903 9.1 0.1645 9.2 0.0250 1.2 0.13 159.5 1.9 154.6 13.2 81.5 216.8 159.5 1.9 
KE23-12 347 4130 1.1 13.2629 28.0 0.2608 28.3 0.0251 3.4 0.12 159.7 5.4 235.3 59.4 1079.1 573.9 159.7 5.4 
KE23-29 267 9720 0.7 19.3399 5.2 0.1806 5.3 0.0253 1.0 0.19 161.3 1.6 168.6 8.2 272.4 118.7 161.3 1.6 
KE23-20 330 14285 1.1 20.0584 3.5 0.1767 4.0 0.0257 2.0 0.49 163.6 3.2 165.2 6.1 188.2 81.6 163.6 3.2 
KE23-17 80 22200 0.8 12.7160 1.9 2.0583 2.1 0.1898 1.0 0.47 1120.4 10.3 1135.0 14.7 1163.1 37.7 1163.1 37.7 
KE23-01 177 48260 2.5 11.2319 1.1 2.8536 1.5 0.2325 1.0 0.67 1347.4 12.2 1369.8 11.3 1404.8 21.5 1404.8 21.5 
KE23-06 287 102080 1.4 10.6885 1.2 3.1550 1.9 0.2446 1.5 0.77 1410.4 18.6 1446.2 14.7 1499.2 22.9 1499.2 22.9 
KE23-08 415 165345 1.8 9.9669 1.8 3.6803 2.6 0.2660 1.9 0.72 1520.7 25.6 1567.1 21.0 1630.2 33.8 1630.2 33.8 
KE23-11 404 178700 2.3 9.6798 1.6 4.1797 1.8 0.2934 1.0 0.54 1658.6 14.6 1670.0 15.1 1684.4 28.6 1684.4 28.6 
KE23-26 2828 331110 6.0 9.6719 1.3 3.2321 2.6 0.2267 2.3 0.87 1317.3 26.9 1464.9 20.2 1685.9 24.0 1685.9 24.0 
KE23-27 420 171610 1.2 9.6301 1.0 4.1807 1.4 0.2920 1.0 0.71 1651.5 14.6 1670.3 11.6 1693.9 18.4 1693.9 18.4 
KE23-14 262 29400 1.5 9.3884 1.0 4.0134 1.4 0.2733 1.0 0.71 1557.4 13.8 1636.9 11.5 1740.6 18.3 1740.6 18.3 
KE23-25 846 278450 0.9 9.2858 1.8 4.4404 2.1 0.2990 1.0 0.49 1686.6 14.8 1719.9 17.1 1760.7 32.9 1760.7 32.9 
KE23-04 225 91410 3.5 9.1647 1.6 4.4157 2.0 0.2935 1.3 0.65 1659.0 19.3 1715.3 16.9 1784.7 28.3 1784.7 28.3 
KE23-16 117 88950 0.9 4.8215 1.9 15.1038 2.2 0.5282 1.0 0.46 2733.7 22.3 2821.8 20.7 2885.4 31.3 2885.4 31.3 
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Table 2. (continued) 
KE31 (rocks of Slumgullion; Castle Dome Mountains)                       
     Isotope ratios    Apparent ages (Ma)      
                   
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age ± 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) 
                   
KE31-2 314 5535 3.7 16.5529 15.2 0.2273 15.3 0.0273 1.9 0.12 173.6 3.2 208.0 28.8 618.4 329.8 173.6 3.2 
KE31-6 192 7615 1.8 18.5433 6.1 0.2046 6.2 0.0275 1.0 0.16 175.0 1.7 189.0 10.6 368.0 137.1 175.0 1.7 
KE31-3 168 5720 1.2 20.2417 3.8 0.1875 4.8 0.0275 3.0 0.62 175.0 5.2 174.5 7.8 167.0 88.9 175.0 5.2 
KE31-5 374 19910 1.4 20.1340 1.7 0.1887 2.0 0.0275 1.1 0.53 175.2 1.9 175.5 3.3 179.4 40.0 175.2 1.9 
KE31-7 134 5255 1.4 17.2854 31.4 0.2247 31.5 0.0282 2.2 0.07 179.1 3.9 205.8 58.7 524.2 704.9 179.1 3.9 
KE31-1 633 18360 2.0 18.5499 7.2 0.2139 7.3 0.0288 1.0 0.14 182.9 1.8 196.9 13.1 367.2 163.4 182.9 1.8 
KE31-4 1056 46095 1.3 19.9206 3.6 0.2000 3.7 0.0289 1.0 0.27 183.6 1.8 185.1 6.3 204.2 83.8 183.6 1.8 
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Table 2. (continued) 
KE37 (rocks of Slumgullion; Castle Dome Mountains)                         
     Isotope ratios    Apparent ages (Ma)      
                   
Analysis U 206Pb U/Th 206Pb* ± 
207Pb
* ± 
206Pb
* ± error 206Pb* ± 
207Pb
* ± 206Pb* ± 
Best 
age ± 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) 
                   
KE37-18 184 7515 0.9 20.3591 6.8 0.1770 9.0 0.0261 5.9 0.66 166.3 9.8 165.5 13.8 153.5 159.9 166.3 9.8 
KE37-27 644 32045 3.2 20.1945 3.2 0.1792 3.5 0.0263 1.4 0.39 167.1 2.3 167.4 5.4 172.4 75.2 167.1 2.3 
KE37-11 336 7450 1.5 17.9586 2.9 0.2047 3.1 0.0267 1.0 0.33 169.6 1.7 189.1 5.3 439.8 64.6 169.6 1.7 
KE37-29 202 5645 1.2 15.5615 24.3 0.2372 24.4 0.0268 2.5 0.10 170.3 4.2 216.1 47.5 750.2 519.7 170.3 4.2 
KE37-14 209 3395 1.1 14.7987 15.1 0.2498 15.1 0.0268 1.0 0.07 170.6 1.7 226.4 30.7 855.5 314.9 170.6 1.7 
KE37-15 217 8060 1.4 19.6411 3.7 0.1888 3.9 0.0269 1.2 0.31 171.1 2.0 175.6 6.2 236.9 84.7 171.1 2.0 
KE37-25 586 22455 2.0 20.1060 2.9 0.1845 3.1 0.0269 1.0 0.33 171.1 1.7 171.9 4.9 182.7 68.1 171.1 1.7 
KE37-06 1047 38855 1.9 19.9871 1.4 0.1859 2.3 0.0269 1.9 0.81 171.4 3.1 173.1 3.7 196.5 31.6 171.4 3.1 
KE37-21 236 10840 1.0 19.2075 5.0 0.1935 5.1 0.0270 1.0 0.20 171.5 1.7 179.6 8.4 288.2 114.0 171.5 1.7 
KE37-04 348 15235 1.7 21.1233 4.5 0.1761 4.6 0.0270 1.2 0.26 171.6 2.0 164.7 7.1 66.4 106.8 171.6 2.0 
KE37-03 913 33490 2.5 20.2331 1.0 0.1858 1.4 0.0273 1.0 0.71 173.4 1.7 173.0 2.3 168.0 23.4 173.4 1.7 
KE37-28 162 7160 1.1 20.0468 6.2 0.1879 6.3 0.0273 1.4 0.22 173.7 2.3 174.8 10.1 189.5 143.5 173.7 2.3 
KE37-02 1152 40440 1.9 20.1183 1.2 0.1881 1.6 0.0274 1.0 0.64 174.5 1.7 175.0 2.5 181.2 28.2 174.5 1.7 
KE37-01 969 31420 1.6 19.9449 1.4 0.1899 2.1 0.0275 1.6 0.76 174.7 2.8 176.5 3.4 201.4 32.1 174.7 2.8 
KE37-23 395 16550 0.9 19.7643 2.6 0.1920 2.8 0.0275 1.0 0.36 175.0 1.7 178.4 4.6 222.5 60.7 175.0 1.7 
KE37-24 202 7155 2.0 19.0581 5.8 0.2005 6.1 0.0277 1.9 0.31 176.2 3.3 185.5 10.3 306.0 131.3 176.2 3.3 
KE37-20 230 9685 5.6 18.8012 3.8 0.2035 4.0 0.0277 1.2 0.30 176.4 2.0 188.0 6.8 336.8 85.7 176.4 2.0 
KE37-09 389 15800 0.8 20.4039 1.4 0.1882 1.7 0.0278 1.0 0.58 177.0 1.7 175.1 2.8 148.3 33.3 177.0 1.7 
KE37-16 415 16205 1.1 20.3408 2.2 0.1891 2.7 0.0279 1.6 0.58 177.4 2.8 175.9 4.4 155.6 52.0 177.4 2.8 
KE37-22 513 7320 1.9 14.3097 28.3 0.2705 28.6 0.0281 3.8 0.13 178.4 6.7 243.1 61.8 924.9 593.0 178.4 6.7 
KE37-13 277 10055 0.9 19.0812 6.6 0.2099 6.7 0.0290 1.0 0.15 184.5 1.8 193.4 11.8 303.2 151.6 184.5 1.8 
KE37-10 837 65210 1.5 16.1307 4.1 0.3056 4.6 0.0357 2.2 0.47 226.4 4.8 270.7 11.0 673.9 87.5 226.4 4.8 
KE37-05 833 55300 1.3 14.0840 3.0 0.4378 3.9 0.0447 2.4 0.63 282.0 6.7 368.7 12.0 957.5 62.0 282.0 6.7 
KE37-07 614 20045 1.0 12.2031 2.7 0.8332 3.9 0.0737 2.9 0.73 458.7 12.7 615.4 18.1 1244.2 52.6 458.7 12.7 
KE37-26 775 179330 1.6 11.6316 1.9 2.5488 2.3 0.2150 1.3 0.55 1255.5 14.4 1286.1 16.6 1337.6 36.7 1337.6 36.7 
KE37-08 362 125465 1.4 11.3208 1.2 2.7568 1.6 0.2264 1.0 0.63 1272.3 24.2 1343.9 11.8 1389.7 23.6 1389.7 23.6 
KE37-19 459 137125 2.8 10.5586 2.9 2.9099 3.6 0.2228 2.1 0.59 1296.9 25.1 1384.5 27.3 1522.3 54.9 1522.3 54.9 
KE37-17 1137 305480 6.0 10.0960 1.7 2.9798 2.7 0.2182 2.1 0.77 1315.3 11.9 1402.5 20.6 1606.3 32.1 1606.3 32.1 
KE37-12 197 81860 1.4 7.6890 6.6 4.7759 6.9 0.2663 1.9 0.28 1522.2 26.0 1780.7 57.9 2098.7 116.4 2098.7 116.4 90 
Table 2. (continued) 
KE42 (rocks of Slumgullion; Castle Dome Mountains) 
 
    Isotope ratios Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
 (ppm) 204Pb  207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)
     
KE42-1 267 23270 0.9 16.9203 1.0 0.7219 1.6 0.0886 1.2 0.77 153.5 1.5 551.8 6.7 570.8 21.8 547.2 6.3
KE42-3 301 83300 2.2 11.7629 1.3 2.4599 1.8 0.2099 1.2 0.66 154.9 3.6 1260.3 12.9 1315.8 26.0 1315.8 26.0
KE42-4 96 28110 1.5 11.2387 1.4 2.7881 1.8 0.2273 1.1 0.63 155.3 1.5 1352.3 13.1 1403.7 26.1 1403.7 26.1
KE42-5 34 2635 0.8 18.1024 5.2 0.4907 5.3 0.0644 1.0 0.19 155.4 2.1 405.4 17.7 422.0 116.1 402.5 3.9
KE42-6 479 28770 2.8 18.1718 1.9 0.4583 2.2 0.0604 1.0 0.46 156.0 3.8 383.1 7.0 413.4 43.4 378.1 3.7
KE42-7 77 20810 1.8 11.2351 2.3 2.7554 3.9 0.2245 3.2 0.81 157.9 2.8 1343.5 29.2 1404.3 44.3 1404.3 44.3
KE42-8 230 35390 1.7 14.0493 1.1 1.1117 1.5 0.1133 1.0 0.69 158.3 1.6 759.0 7.8 962.5 21.5 691.8 6.6
KE42-9 263 29960 1.5 16.5412 1.0 0.7877 1.4 0.0945 1.0 0.71 158.6 1.6 589.9 6.3 619.9 21.7 582.1 5.6
KE42-10 214 97780 0.4 7.7397 1.3 6.3820 1.9 0.3582 1.4 0.73 160.4 1.6 2029.8 17.0 2087.2 23.0 2087.2 23.0
KE42-12 726 23340 1.0 20.5585 1.9 0.1749 2.1 0.0261 1.0 0.47 162.0 1.6 163.6 3.2 130.6 43.8 165.9 1.6
KE42-13 89 5625 0.9 17.9160 3.9 0.4424 4.5 0.0575 2.4 0.52 162.2 1.6 371.9 14.1 445.0 86.1 360.3 8.3
KE42-14 247 26540 0.7 16.8680 2.0 0.7628 2.4 0.0933 1.4 0.58 162.7 2.1 575.6 10.6 577.5 42.8 575.1 7.6
KE42-15 149 34170 1.0 12.6483 1.6 2.0259 1.9 0.1858 1.0 0.54 163.0 1.6 1124.2 12.7 1173.7 31.1 1173.7 31.1
KE42-16 489 10955 1.2 19.1835 4.4 0.1891 4.8 0.0263 2.0 0.41 163.7 4.9 175.9 7.8 291.0 100.7 167.4 3.3
KE42-17 502 16130 0.9 20.4702 2.4 0.1733 3.9 0.0257 3.0 0.78 163.8 2.8 162.3 5.8 140.7 56.7 163.7 4.9
KE42-18 713 18720 0.9 19.9758 1.7 0.1756 2.0 0.0254 1.0 0.52 163.9 2.2 164.3 3.0 197.8 39.3 162.0 1.6
KE42-19 368 12870 1.3 20.5110 3.5 0.1730 3.9 0.0257 1.8 0.44 165.9 1.6 162.0 5.9 136.0 83.1 163.8 2.8
KE42-20 615 21870 0.8 20.5353 1.7 0.1729 2.1 0.0258 1.3 0.62 166.0 1.6 162.0 3.2 133.2 39.6 163.9 2.2
KE42-21 1167 27875 0.6 19.5804 1.8 0.1803 2.1 0.0256 1.0 0.48 166.2 1.6 168.3 3.2 244.0 41.8 163.0 1.6
KE42-22 695 22525 1.7 20.1877 1.5 0.1745 2.0 0.0256 1.3 0.65 167.4 3.3 163.3 3.0 173.2 35.2 162.7 2.1
KE42-23 296 4865 1.0 16.7707 5.1 0.2043 5.2 0.0249 1.0 0.19 312.6 3.1 188.8 8.9 590.1 109.7 158.3 1.6
KE42-24 926 23645 1.3 19.8347 3.1 0.1696 3.4 0.0244 1.4 0.41 360.3 8.3 159.1 4.9 214.2 70.8 155.4 2.1
KE42-25 556 16580 0.9 20.0536 2.1 0.1795 2.4 0.0261 1.0 0.42 378.1 3.7 167.7 3.7 188.7 49.9 166.2 1.6
KE42-26 452 32110 0.7 17.6181 1.9 0.5494 2.2 0.0702 1.0 0.46 384.4 6.9 444.6 7.8 482.2 42.4 437.4 4.2
KE42-27 143 34010 3.1 13.5885 1.5 1.6433 2.1 0.1620 1.4 0.68 391.1 3.8 987.0 13.0 1030.3 30.5 1030.3 30.5
KE42-28 193 56575 1.8 12.7594 1.3 1.9729 1.6 0.1826 1.0 0.62 402.5 3.9 1106.3 10.8 1156.3 24.8 1156.3 24.8
KE42-29 962 26925 1.2 20.0429 2.2 0.1713 2.4 0.0249 1.0 0.41 437.4 4.2 160.6 3.6 190.0 52.0 158.6 1.6
KE42-30 982 32655 0.9 20.1871 1.3 0.1661 2.7 0.0243 2.4 0.88 547.2 6.3 156.1 3.9 173.3 30.4 154.9 3.6
KE42-31 38 8900 1.8 13.1220 3.2 1.7184 3.4 0.1635 1.0 0.29 575.1 7.6 1015.4 21.8 1100.5 64.9 1100.5 64.9
KE42-32 427 72120 1.4 13.8939 2.2 1.3935 2.4 0.1404 1.0 0.41 582.1 5.6 886.2 14.3 985.2 45.0 847.1 7.9
91 
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
 (ppm) 204Pb  207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)
     
KE42-33 117 8320 1.3 17.1491 2.9 0.5029 3.1 0.0625 1.0 0.33 691.8 6.6 413.6 10.4 541.5 63.5 391.1 3.8
KE42-34 177 53105 1.7 11.6789 1.0 2.4440 1.5 0.2070 1.2 0.76 847.1 7.9 1255.7 11.1 1329.7 19.4 1329.7 19.4
KE42-35 997 29355 0.9 19.5879 3.4 0.1716 3.6 0.0244 1.0 0.28 967.6 12.5 160.8 5.3 243.2 78.6 155.3 1.5
KE42-36 590 19085 1.0 16.7668 3.5 0.5053 3.9 0.0614 1.9 0.47 976.0 9.1 415.3 13.5 590.6 75.6 384.4 6.9
KE42-37 701 26440 1.1 19.7586 2.0 0.1709 3.2 0.0245 2.5 0.78 976.4 9.1 160.2 4.7 223.1 45.8 156.0 3.8
KE42-38 1020 32540 1.3 20.0771 1.7 0.1655 2.0 0.0241 1.0 0.51 1081.0 10.0 155.5 2.8 186.0 39.6 153.5 1.5
KE42-39 130 33980 1.1 11.5409 1.2 2.5629 1.6 0.2145 1.0 0.63 1098.8 10.1 1290.1 11.5 1352.7 23.5 1352.7 23.5
KE42-40 181 40130 2.0 13.4032 1.1 1.6816 1.5 0.1635 1.0 0.68 1102.9 10.1 1001.6 9.3 1058.0 21.6 1058.0 21.6
KE42-41 92 43985 0.7 8.0605 1.0 5.7209 1.4 0.3344 1.0 0.71 1179.0 13.0 1934.5 12.2 2015.4 17.7 2015.4 17.7
KE42-42 29 8735 0.8 11.7543 1.5 2.4122 1.8 0.2056 1.1 0.59 1205.6 11.9 1246.2 13.1 1317.2 28.4 1317.2 28.4
KE42-43 473 16935 0.7 20.5546 3.3 0.1663 3.7 0.0248 1.8 0.49 1212.9 13.0 156.2 5.4 131.0 76.5 157.9 2.8
KE42-45 1014 32400 0.4 20.2159 1.0 0.1738 1.4 0.0255 1.0 0.71 1228.1 13.2 162.7 2.1 170.0 23.4 162.2 1.6
KE42-46 512 20695 0.8 20.4044 2.0 0.1762 2.2 0.0261 1.0 0.45 1252.9 11.4 164.8 3.4 148.2 46.3 166.0 1.6
KE42-47 1256 63370 1.8 18.6425 1.0 0.3675 1.4 0.0497 1.0 0.70 1305.7 37.5 317.8 3.9 356.0 22.8 312.6 3.1
KE42-48 150 42375 1.4 12.0138 1.0 2.3032 1.6 0.2007 1.2 0.77 1320.1 13.3 1213.3 11.1 1274.8 19.5 1274.8 19.5
KE42-49 39 11760 1.4 12.7059 4.0 2.0248 4.2 0.1866 1.0 0.24 1859.9 16.2 1123.9 28.3 1164.7 80.1 1164.7 80.1
KE42-50 1057 32790 1.2 20.0055 1.1 0.1736 1.5 0.0252 1.0 0.66 1973.8 24.1 162.6 2.3 194.3 26.3 160.4 1.6
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Table 2. (continued) 
KE44 (rocks of Slumgullion; Castle Dome Mountains)                         
     Isotope ratios    Apparent ages (Ma)      
                   
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age ± 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) 
                   
KE44-1 33 7650 1.3 12.1481 1.9 2.0881 2.2 0.1840 1.0 0.46 211.0 2.1 1144.9 15.0 1253.1 37.9 211.0 2.1 
KE44-2 83 30820 1.8 9.2891 1.0 4.5127 1.5 0.3040 1.2 0.75 212.4 2.1 1733.3 12.7 1760.1 18.3 212.4 2.1 
KE44-4 187 58400 3.0 9.3939 1.6 4.4618 2.9 0.3040 2.4 0.83 212.6 2.8 1723.9 23.8 1739.5 29.3 212.6 2.8 
KE44-5 31 8450 2.1 13.8191 3.2 1.6625 3.4 0.1666 1.2 0.34 214.2 3.6 994.3 21.6 996.2 65.2 214.2 3.6 
KE44-6 142 38030 1.2 12.9088 1.0 1.9126 1.4 0.1791 1.0 0.71 214.7 2.1 1085.5 9.4 1133.2 20.0 214.7 2.1 
KE44-7 165 17945 2.4 18.1889 1.9 0.4809 2.2 0.0634 1.0 0.46 218.3 2.1 398.7 7.1 411.3 42.7 218.3 2.1 
KE44-8 78 27720 0.7 10.6182 1.0 3.2519 1.4 0.2504 1.0 0.71 223.9 4.2 1469.6 11.0 1511.7 18.9 223.9 4.2 
KE44-9 70 28010 1.5 11.2026 1.0 2.8355 2.3 0.2304 2.1 0.90 317.0 3.1 1365.0 17.5 1409.8 19.2 317.0 3.1 
KE44-10 56 26010 1.6 11.8367 1.7 2.4294 2.1 0.2086 1.2 0.57 343.9 3.3 1251.3 15.1 1303.7 33.6 343.9 3.3 
KE44-11 334 116695 2.2 5.3273 1.0 11.8834 1.4 0.4591 1.0 0.71 353.6 3.4 2595.3 13.2 2722.2 16.5 353.6 3.4 
KE44-12 587 32680 8.3 18.1945 1.2 0.4771 2.1 0.0630 1.7 0.82 364.1 3.5 396.1 6.9 410.6 26.9 364.1 3.5 
KE44-13 336 7435 0.7 18.3749 4.9 0.2513 5.0 0.0335 1.0 0.20 372.9 6.9 227.6 10.2 388.5 109.7 372.9 6.9 
KE44-14 910 33485 2.5 17.7396 1.4 0.4974 2.1 0.0640 1.6 0.76 393.6 6.6 410.0 7.0 467.0 29.9 393.6 6.6 
KE44-15 90 19975 0.7 14.0820 1.2 1.5530 1.6 0.1586 1.1 0.67 394.4 3.8 951.7 10.1 957.8 24.9 394.4 3.8 
KE44-16 202 12590 1.2 17.3701 1.9 0.5722 2.2 0.0721 1.2 0.54 396.5 3.8 459.4 8.1 513.4 40.8 396.5 3.8 
KE44-17 126 14885 1.4 16.8323 1.8 0.7420 2.1 0.0906 1.0 0.49 399.9 6.2 563.5 8.9 582.1 39.1 399.9 6.2 
KE44-18 79 20470 1.7 12.6973 1.0 2.0774 2.1 0.1913 1.9 0.88 448.7 5.1 1141.4 14.5 1166.0 19.8 448.7 5.1 
KE44-19 92 56835 1.0 6.1434 1.0 10.0969 1.7 0.4499 1.4 0.81 503.8 5.9 2443.7 15.7 2484.7 16.9 503.8 5.9 
KE44-20 96 32595 0.8 11.2033 1.2 2.9074 1.5 0.2362 1.0 0.66 559.0 5.4 1383.8 11.5 1409.7 22.0 559.0 5.4 
KE44-21 83 27320 1.3 13.6934 2.3 1.7160 2.5 0.1704 1.0 0.41 569.1 11.4 1014.5 16.2 1014.7 46.6 569.1 11.4 
KE44-22 76 28190 3.3 13.6278 1.6 1.7001 1.9 0.1680 1.0 0.53 580.9 5.6 1008.6 12.0 1024.4 32.0 580.9 5.6 
KE44-23 43 53210 0.9 5.0561 1.0 14.5820 2.0 0.5347 1.7 0.86 585.1 6.8 2788.4 18.7 2808.0 16.4 585.1 6.8 
KE44-24 44 16720 1.5 13.1981 1.8 1.9524 3.1 0.1869 2.5 0.82 590.8 5.6 1099.3 20.7 1088.9 35.3 590.8 5.6 
KE44-25 83 17845 2.2 16.2677 1.4 0.8657 1.7 0.1021 1.0 0.59 626.9 6.0 633.2 7.9 655.8 29.1 626.9 6.0 
KE44-26 117 29080 0.4 11.4796 2.7 2.5920 2.8 0.2158 1.0 0.35 863.7 10.0 1298.4 20.8 1362.9 51.3 863.7 10.0 
KE44-28 604 183080 1.0 9.5339 1.3 3.7838 2.3 0.2616 1.8 0.81 949.1 9.6 1589.3 18.2 1712.3 24.3 949.1 9.6 
KE44-29 105 45125 1.1 9.5850 1.5 4.2073 1.8 0.2925 1.0 0.57 977.0 9.1 1675.4 14.5 1702.5 26.7 994.1 21.1 
KE44-30 83 34345 1.3 11.2131 1.0 2.7665 1.4 0.2250 1.0 0.71 988.5 9.2 1346.5 10.6 1408.0 19.2 996.2 65.2 
KE44-31 108 27110 1.6 12.7984 1.8 1.9721 2.4 0.1831 1.6 0.67 993.5 10.7 1106.0 16.0 1150.3 35.0 998.6 74.6 
KE44-32 41 21030 0.9 8.7292 1.0 5.0339 1.5 0.3187 1.2 0.76 1001.3 9.3 1825.0 13.0 1872.9 18.1 1014.7 46.6 93 
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age ± 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) 
                   
KE44-33 208 59285 1.5 10.7996 1.9 3.0967 2.5 0.2425 1.7 0.65 1001.9 12.7 1431.9 19.5 1479.6 36.4 1024.4 32.0 
KE44-34 154 12705 1.6 18.8475 2.2 0.4251 2.4 0.0581 1.0 0.42 1014.4 9.7 359.7 7.3 331.2 49.6 1064.2 36.5 
KE44-35 223 109580 2.7 8.1986 1.0 5.6087 1.4 0.3335 1.0 0.71 1019.6 32.8 1917.4 12.2 1985.3 17.8 1088.9 35.3 
KE44-36 60 17435 0.9 12.8920 1.3 2.0144 2.0 0.1883 1.6 0.77 1023.3 49.3 1120.4 13.7 1135.8 25.7 1106.4 36.4 
KE44-37 127 31285 2.8 14.1903 2.6 1.3930 2.9 0.1434 1.2 0.43 1061.9 9.8 886.0 17.0 942.1 53.1 1126.7 42.6 
KE44-38 66 16310 0.8 11.7686 1.8 2.2854 2.2 0.1951 1.2 0.54 1062.1 55.6 1207.8 15.5 1314.9 35.7 1133.2 20.0 
KE44-39 258 45390 1.0 16.5724 1.3 0.7845 1.6 0.0943 1.0 0.62 1069.7 19.9 588.0 7.3 615.8 27.7 1135.8 25.7 
KE44-40 303 169750 1.4 9.5431 1.0 4.1263 1.9 0.2856 1.6 0.85 1083.6 16.0 1659.5 15.5 1710.6 18.4 1148.0 44.0 
KE44-41 113 15740 1.1 16.8994 1.4 0.7752 1.8 0.0950 1.2 0.66 1088.7 10.0 582.7 8.2 573.5 30.0 1150.3 35.0 
KE44-42 398 130665 2.9 11.3251 1.0 2.7871 1.6 0.2289 1.3 0.78 1104.5 25.6 1352.1 12.0 1389.0 19.2 1160.3 66.5 
KE44-43 198 10750 1.0 19.7478 4.5 0.2365 4.6 0.0339 1.0 0.22 1112.4 15.9 215.6 9.0 224.4 104.8 1166.0 19.8 
KE44-44 184 68040 0.7 10.0632 1.0 3.8008 3.1 0.2774 2.9 0.95 1115.4 10.2 1592.9 24.6 1612.3 18.6 1175.0 19.8 
KE44-45 798 35030 0.8 19.7636 1.4 0.2321 1.7 0.0333 1.0 0.59 1115.8 16.6 211.9 3.2 222.5 31.3 1175.2 19.8 
KE44-46 304 20805 1.7 18.7497 2.0 0.3707 2.3 0.0504 1.0 0.44 1120.7 10.5 320.2 6.2 343.0 46.2 1253.1 37.9 
KE44-47 405 20800 0.7 19.6690 4.5 0.2478 4.9 0.0353 1.9 0.39 1128.4 19.3 224.8 9.8 233.6 103.6 1303.7 33.6 
KE44-48 230 73075 1.5 13.8332 1.0 1.6311 1.4 0.1636 1.0 0.69 1148.8 12.5 982.3 9.1 994.1 21.1 1307.0 25.4 
KE44-49 658 62515 5.2 18.6795 1.1 0.4161 1.5 0.0564 1.0 0.67 1180.4 15.0 353.3 4.4 351.5 24.9 1314.9 35.7 
KE44-50 382 14640 0.6 19.1639 2.6 0.2413 2.9 0.0335 1.3 0.46 1221.1 13.2 219.5 5.7 293.4 58.9 1325.7 49.0 
KE44-51 570 15670 1.6 9.7714 1.1 2.8355 1.8 0.2010 1.4 0.77 1259.7 11.4 1365.0 13.5 1667.0 21.2 1362.9 51.3 
KE44-53 254 76915 1.5 9.6627 1.2 4.0920 1.8 0.2868 1.3 0.73 1277.7 11.7 1652.7 14.5 1687.6 22.3 1389.0 19.2 
KE44-52 259 17190 1.0 18.1059 1.2 0.4173 1.6 0.0548 1.0 0.63 1308.2 11.8 354.1 4.7 421.5 27.2 1408.0 19.2 
KE44-54 122 26530 1.6 13.3620 1.8 1.7682 3.9 0.1714 3.5 0.89 1328.9 15.1 1033.8 25.5 1064.2 36.5 1409.7 22.0 
KE44-55 101 48085 2.2 10.6255 1.2 3.3218 1.6 0.2560 1.0 0.63 1336.5 25.5 1486.2 12.3 1510.4 23.0 1409.8 19.2 
KE44-56 192 79050 1.8 11.8168 1.3 2.5578 1.7 0.2192 1.0 0.61 1366.8 12.3 1288.7 12.1 1307.0 25.4 1416.0 41.7 
KE44-57 317 64305 1.0 12.6386 1.0 2.0608 1.4 0.1889 1.0 0.71 1367.1 12.3 1135.9 9.7 1175.2 19.8 1479.6 36.4 
KE44-58 578 43700 1.7 9.6434 1.4 4.0263 2.0 0.2816 1.5 0.71 1399.9 20.9 1639.5 16.5 1691.3 26.2 1510.4 23.0 
KE44-59 183 14795 2.7 18.5522 2.3 0.4426 3.0 0.0595 1.9 0.63 1440.7 12.9 372.1 9.4 366.9 52.6 1511.7 18.9 
KE44-60 208 8540 1.2 19.4339 3.2 0.2444 3.4 0.0344 1.0 0.30 1469.3 13.1 222.0 6.7 261.3 73.6 1612.3 18.6 
KE44-61 104 9375 1.3 21.3794 4.7 0.2179 5.0 0.0338 1.7 0.35 1498.2 24.6 200.1 9.0 37.7 111.5 1667.0 21.2 
KE44-63 127 133830 1.8 9.0492 2.1 5.0531 2.3 0.3316 1.0 0.45 1578.3 40.5 1828.3 19.6 1807.7 37.6 1687.6 22.3 
KE44-62 188 130655 1.8 11.1666 2.2 2.9163 2.4 0.2362 1.0 0.42 1583.5 14.0 1386.1 18.1 1416.0 41.7 1691.3 26.2 
KE44-64 321 158640 2.6 12.9511 2.1 1.8315 5.6 0.1720 5.2 0.93 1599.4 20.5 1056.8 37.0 1126.7 42.6 1693.0 18.4 
KE44-65 62 27940 0.8 11.7030 2.5 2.1103 6.2 0.1791 5.7 0.91 1619.5 23.1 1152.2 42.9 1325.7 49.0 1702.5 26.7 94 
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age ± 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) 
                   
KE44-66 289 44350 1.1 16.4771 1.3 0.8031 1.6 0.0960 1.0 0.61 1625.4 18.7 598.6 7.4 628.2 28.1 1710.6 18.4 
KE44-67 103 22845 1.7 16.6706 2.2 0.7634 3.0 0.0923 2.1 0.69 1653.9 14.7 576.0 13.3 603.0 47.0 1712.3 24.3 
KE44-68 49 17100 1.9 13.0837 1.8 1.9022 2.7 0.1805 2.0 0.74 1711.0 35.8 1081.9 18.1 1106.4 36.4 1739.5 29.3 
KE44-69 149 25085 2.4 12.7338 3.4 1.8207 3.6 0.1681 1.4 0.38 1711.2 17.3 1052.9 23.7 1160.3 66.5 1760.1 18.3 
KE44-70 47 26670 1.5 9.1387 1.5 4.6046 1.9 0.3052 1.3 0.67 1717.0 19.6 1750.1 16.2 1789.8 26.4 1789.8 26.4 
KE44-27 125 50855 0.7 9.6348 1.0 3.9845 1.4 0.2784 1.0 0.71 1783.4 18.1 1631.1 11.5 1693.0 18.4 1807.7 37.6 
KE44-71 31 8975 2.1 13.8029 3.7 1.6554 3.8 0.1657 1.0 0.26 1846.3 16.5 991.6 24.1 998.6 74.6 1872.9 18.1 
KE44-72 28 10630 1.2 12.8130 2.2 2.0432 2.4 0.1899 1.0 0.42 1855.3 16.1 1130.0 16.6 1148.0 44.0 1985.3 17.8 
KE44-73 194 22495 1.8 16.8025 3.0 0.6670 3.3 0.0813 1.2 0.37 2394.7 27.6 518.9 13.3 586.0 65.8 2484.7 16.9 
KE44-74 128 14095 1.9 18.2793 2.3 0.4759 2.5 0.0631 1.0 0.40 2435.8 20.3 395.3 8.1 400.2 51.0 2722.2 16.5 
KE44-75 609 165895 1.9 12.6401 1.0 2.0612 1.9 0.1890 1.6 0.85 2761.3 38.0 1136.0 13.0 1175.0 19.8 2808.0 16.4 
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Table 3. Argon ages 
KE1B Biotite (5.8mg) 
 T 
(°C) 
 
Time 
(min.) 
40Ar/39Ar1 
 
x10-1 
38Ar/39Ar1 
 
x10-3 
37Ar/39Ar1
 
x10-3 
36Ar/39Ar1
 
x10-3 
39ArK2 
(mol) 
x10-14 
Σ 39ArK 
(%) 
40Ar*3 
(%) 
40Ar*/39ArK4 
 ±  1σ 
x10-1 
Age5 
 ±  1σ (Ma) 
39ArK/40Ar6 
 ±  1σ 
x10-2 
36Ar/40Ar6 
 ±  1σ 
x10-5 
1 500 10 170.7 158.5 136.7 65.41 12.50 1.322 - - 0 ± 0 5.864 ± 0.013 38.34 ± 0.24 
2 600 10 69.93 47.10 86.57 18.90 39.68 5.519 19.91 13.92 ± 0.19 16.48 ± 0.22 14.34 ± 0.02 27.08 ± 0.09 
3 680 10 46.74 40.57 44.35 6.237 105.5 16.68 60.17 28.12 ± 0.12 33.12 ± 0.14 21.50 ± 0.04 13.38 ± 0.07 
4 740 14 41.78 27.35 5.558 2.209 155.3 33.11 83.80 35.03 ± 0.03 41.17 ± 0.04 24.06 ± 0.01 5.311 ± 0.02 
5 780 10 42.34 27.53 4.241 2.241 70.76 40.59 83.73 35.50 ± 0.08 41.72 ± 0.09 23.74 ± 0.03 5.317 ± 0.05 
6 840 10 45.90 28.08 12.66 3.586 41.65 44.99 76.28 35.09 ± 0.20 41.23 ± 0.23 21.89 ± 0.02 7.843 ± 0.14 
7 900 16 46.46 27.45 13.88 3.898 52.02 50.50 74.62 34.73 ± 0.12 40.82 ± 0.14 21.63 ± 0.05 8.422 ± 0.05 
8 1000 10 42.53 27.73 11.47 2.709 136.6 64.94 80.62 34.32 ± 0.07 40.34 ± 0.08 23.63 ± 0.03 6.395 ± 0.03 
9 1100 10 40.62 27.59 4.048 1.700 243.9 90.73 87.05 35.38 ± 0.06 41.57 ± 0.06 24.75 ± 0.02 4.205 ± 0.03 
10 1350 14 45.05 27.94 9.228 2.687 87.65 99.99 81.81 36.90 ± 0.11 43.34 ± 0.13 22.31 ± 0.02 5.987 ± 0.08 
1 Corrected for backgrounds (mean values in (mol): m/e40 = 2.8x10-16; m/e39 = 9.7x10-17; m/e38 = 5.1x10-17; m/e37 = 8.1x10-17; m/e 36 = 9.7x10-17), mass 
discrimination (measured 40Ar/36ArATM = 293.2 ± 0.7), abundance sensitivity (5 ppm), and radioactive decay (Irradiated: 06-17-2001; Analyzed: 09-14-2001) 
2 Normalized to 100% delivery to mass spectrometer 
3 Includes static line blank 
4 Corrected for atmospheric argon and nucleogenic interferences (40Ar/39ArK = 0.0224;36Ar/39ArCa = 0.0003;39Ar/37ArCa = 0.000769) 
5 Assumes trapped argon is atmospheric. J-factor = 0.006589 (assumes Fish Canyon sanidine = 27.8 Ma) 
6 Corrected for static line blank and nucleogenic interferences 
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Table 3. (continued) 
KE1B Muscovite (5.4mg) 
 T 
(°C) 
 
Time 
(min.) 
40Ar/39Ar1 
 
x10-1 
38Ar/39Ar1 
 
x10-3 
37Ar/39Ar1
 
x10-3 
36Ar/39Ar1
 
x10-4 
39ArK2 
(mol) 
x10-15 
Σ 39ArK 
(%) 
40Ar*3 
(%) 
40Ar*/39ArK4 
 ±  1σ 
x10-1 
Age5 
 ±  1σ (Ma) 
39ArK/40Ar6 
 ±  1σ 
x10-2 
36Ar/40Ar6 
 ±  1σ 
x10-5 
1  500  10  151.2  83.42  77.52  455.8  9.384 0.881 10.79  16.35 ± 1.19  19.32 ± 1.40 6.624 ± 0.02 301.8 ± 2.60 
2  600  10  50.27  15.63  118.1  74.74  15.47 2.333 55.65  28.07 ± 0.44  33.05 ± 0.51 19.98 ± 0.04 148.6 ± 2.90 
3  680  17  41.39  13.55  127.1  31.38  40.73 6.155 77.22  32.01 ± 0.14  37.65 ± 0.16 24.29 ± 0.02 75.29 ± 1.13 
4  741  14  38.69  12.60  13.48  15.51  45.66 10.44 87.49  33.90 ± 0.22  39.84 ± 0.26 25.99 ± 0.14 40.21 ± 0.82 
5  800  10  40.32  12.56  9.207  15.53  53.82 15.49 87.99  35.52 ± 0.07  41.72 ± 0.08 24.94 ± 0.02 38.65 ± 0.53 
6  850  10  42.16  12.48  6.377  16.42  87.33 23.69 87.91  37.09 ± 0.09  43.55 ± 0.11 23.85 ± 0.02 39.10 ± 0.72 
7  900  13  42.03  12.63  3.018  11.66  217.9 44.14 91.25  38.37 ± 0.24  45.03 ± 0.27 23.92 ± 0.13 27.86 ± 0.40 
8  950  10  40.91  12.61  2.776  9.495  143.1 57.57 92.56  37.88 ± 0.06  44.46 ± 0.07 24.58 ± 0.04 23.32 ± 0.17 
9  1000  10  41.89  12.77  3.035  11.75  125.7 69.37 91.13  38.19 ± 0.06  44.83 ± 0.07 24.00 ± 0.03 28.18 ± 0.30 
10 1150  15  41.90  12.61  2.798  6.448  320.0 99.40 94.90  39.77 ± 0.05  46.66 ± 0.06 23.99 ± 0.03 15.45 ± 0.06 
11 1350  11  54.40  13.80  33.12  44.47  6.430 99.99 74.90  41.07 ± 0.76  48.15 ± 0.88 18.46 ± 0.09 81.90 ± 4.46 
1 Corrected for backgrounds (mean values in (mol): m/e40 = 1.7x10-16; m/e39 = 9.7x10-17; m/e38 = 5.4x10-17; m/e37 = 8.2x10-17; m/e 36 = 1.0x10-16), mass 
discrimination (measured 40Ar/36ArATM = 293.2 ± 0.7), abundance sensitivity (5 ppm), and radioactive decay (Irradiated: 06-17-2001; Analyzed: 08-28-2001) 
2 Normalized to 100% delivery to mass spectrometer 
3 Includes static line blank 
4 Corrected for atmospheric argon and nucleogenic interferences (40Ar/39ArK = 0.0224;36Ar/39ArCa = 0.0003;39Ar/37ArCa = 0.000769) 
5 Assumes trapped argon is atmospheric. J-factor = 0.006587 (assumes Fish Canyon sanidine = 27.8 Ma) 
6 Corrected for static line blank and nucleogenic interferences 
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Table 3. (continued) 
KE3 Biotite (5.3mg) 
 T 
(°C) 
 
Time 
(min.) 
40Ar/39Ar1 
 
 
38Ar/39Ar1 
 
x10-3 
37Ar/39Ar1
 
x10-3 
36Ar/39Ar1
 
x10-3 
39ArK2 
(mol) 
x10-15 
Σ 39ArK 
(%) 
40Ar*3 
(%) 
40Ar*/39ArK4 
 ±  1σ 
x10-1 
Age5 
 ±  1σ (Ma) 
39ArK/40Ar6 
 ±  1σ 
x10-2 
36Ar/40Ar6 
 ±  1σ 
x10-4 
1  500  10  58.30  35.82  63.01  17.17  29.86 4.862 12.60  7.406±0.31  8.668±0.36  17.22±0.05  29.53±0.17 
2  600  10  44.52  14.84  45.26  11.57  117.5 23.99 22.72  10.14±0.16  11.86±0.18  22.58±0.05  26.09±0.11 
3  680  10  48.97  14.34  37.99  11.23  112.1 42.24 31.74  15.59±0.10  18.20±0.11  20.51±0.01  23.02±0.07 
4  740  14  52.85  14.41  31.84  11.96  68.34 53.37 32.57  17.30±0.17  20.18±0.19  19.00±0.02  22.72±0.10 
5  780  10  52.68  14.18  28.90  11.26  17.76 56.26 35.77  19.22±0.42  22.41±0.49  19.06±0.01  21.44±0.27 
6  840  10  48.01  13.84  30.88  7.893  15.70 58.82 49.77  24.49±0.52  28.51±0.60  20.92±0.04  16.50±0.36 
7  900  14  51.03  14.27  32.58  10.13  52.34 67.34 40.65  20.89±0.60  24.34±0.69  19.68±0.19  19.93±0.29 
8  1000  10  51.64  14.21  41.61  10.71  102.7 84.07 38.20  19.80±0.11  23.08±0.13  19.45±0.01  20.81±0.07 
9  1100  10  54.17  14.48  36.44  12.49  88.78 98.52 31.40  17.08±0.25  19.92±0.29  18.54±0.01  23.13±0.16 
10 1350  14  57.67  16.43  181.6  11.15  9.069 99.99 41.66  24.66±0.84  28.70±0.98  17.40±0.05  19.32±0.49 
1 Corrected for backgrounds (mean values in (mol): m/e40 = 9.4x10-16; m/e39 = 1.3x10-16; m/e38 = 7.0x10-17; m/e37 = 9.7x10-17; m/e 36 = 1.3x10-16), mass 
discrimination (measured 40Ar/36ArATM = 293.2 ± 0.7), abundance sensitivity (5 ppm), and radioactive decay (Irradiated: 06-17-2001; Analyzed: 09-26-2001) 
2 Normalized to 100% delivery to mass spectrometer 
3 Includes static line blank 
4 Corrected for atmospheric argon and nucleogenic interferences (40Ar/39ArK = 0.0224;36Ar/39ArCa = 0.0003;39Ar/37ArCa = 0.000769) 
5 Assumes trapped argon is atmospheric. J-factor = 0.006503 (assumes Fish Canyon sanidine = 27.8 Ma) 
6 Corrected for static line blank and nucleogenic interferences 
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Table 3. (continued) 
KE3 Muscovite (5.3mg) 
 T 
(°C) 
 
Time 
(min.) 
40Ar/39Ar1 
 
x10-1 
38Ar/39Ar1 
 
x10-3 
37Ar/39Ar1
 
x10-3 
36Ar/39Ar1
 
x10-4 
39ArK2 
(mol) 
x10-14 
Σ 39ArK 
(%) 
40Ar*3 
(%) 
40Ar*/39ArK4 
 ±  1σ 
x10-1 
Age5 
 ±  1σ (Ma) 
39ArK/40Ar6 
 ±  1σ 
x10-2 
36Ar/40Ar6 
 ±  1σ 
x10-5 
1  500  10  99.82  79.16  52.09  287.9  1.275 0.936 14.57  14.57 ± 0.92  17.00 ± 1.06 10.04 ± 0.04 288.9 ± 3.00 
2  600  10  43.69  13.93  64.51  62.96  2.130 2.501 56.88  24.92 ± 0.28  28.99 ± 0.32 23.00 ± 0.10 144.4 ± 1.70 
3  680  10  42.14  12.60  44.68  39.04  4.579 5.865 72.09  30.42 ± 0.16  35.32 ± 0.18 23.86 ± 0.03 92.82 ± 1.24 
4  740  14  38.79  11.99  7.037  18.33  6.611 10.72 85.38  33.16 ± 0.08  38.46 ± 0.09 25.93 ± 0.02 47.48 ± 0.65 
5  800  10  39.64  11.88  3.615  12.44  8.878 17.24 90.10  35.75 ± 0.06  41.43 ± 0.06 25.37 ± 0.01 31.52 ± 0.47 
6  850  10  39.56  11.90  2.091  7.319  17.87 30.37 93.93  37.18 ± 0.04  43.07 ± 0.05 25.42 ± 0.02 18.59 ± 0.24 
7  900  14  39.18  11.88  1.647  5.787  29.43 51.99 95.04  37.25 ± 0.02  43.15 ± 0.03 25.67 ± 0.01 14.84 ± 0.15 
8  950  10  38.57  11.93  2.741  6.603  21.04 67.45 94.33  36.40 ± 0.06  42.18 ± 0.07 26.08 ± 0.03 17.20 ± 0.32 
9  1000  10  39.19  12.00  2.432  5.444  22.81 84.20 95.30  37.36 ± 0.02  43.28 ± 0.03 25.66 ± 0.01 13.95 ± 0.20 
10 1150  17  40.91  12.09  9.141  9.476  11.73 92.82 92.57  37.90 ± 0.04  43.89 ± 0.05 24.58 ± 0.02 23.22 ± 0.25 
11 1350  10  41.22  11.82  6.946  6.494  9.771 99.99 94.75  39.08 ± 0.07  45.25 ± 0.08 24.39 ± 0.03 15.79 ± 0.41 
1 Corrected for backgrounds (mean values in (mol): m/e40 = 1.8x10-16; m/e39 = 1.0x10-16; m/e38 = 5.6x10-17; m/e37 = 8.3x10-17; m/e 36 = 1.0x10-16), mass 
discrimination (measured 40Ar/36ArATM = 293.2 ± 0.7), abundance sensitivity (5 ppm), and radioactive decay (Irradiated: 06-17-2001; Analyzed: 08-26-2001) 
2 Normalized to 100% delivery to mass spectrometer 
3 Includes static line blank 
4 Corrected for atmospheric argon and nucleogenic interferences (40Ar/39ArK = 0.0224;36Ar/39ArCa = 0.0003;39Ar/37ArCa = 0.000769) 
5 Assumes trapped argon is atmospheric. J-factor = 0.006499 (assumes Fish Canyon sanidine = 27.8 Ma) 
6 Corrected for static line blank and nucleogenic interferences 
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Table 3. (continued) 
KE6 Muscovite (5.1mg) 
 T 
(°C) 
 
Time 
(min.) 
40Ar/39Ar1 
 
 
38Ar/39Ar1 
 
x10-3 
37Ar/39Ar1
 
x10-3 
36Ar/39Ar1
 
x10-4 
39ArK2 
(mol) 
x10-15 
Σ 39ArK 
(%) 
40Ar*3 
(%) 
40Ar*/39ArK4 
 ±  1σ 
x10-1 
Age5 
 ±  1σ (Ma) 
39ArK/40Ar6 
 ±  1σ 
x10-2 
36Ar/40Ar6 
 ±  1σ 
x10-5 
1  500  10  143.5  82.53  59.80  439.7  10.91 1.060 9.333  13.42 ± 0.66  15.68 ± 0.76 6.978 ± 0.01 306.7 ± 1.50 
2  600  10  48.80  14.76  44.87  75.91  16.03 2.617 53.47  26.18 ± 0.34  30.48 ± 0.39 20.59 ± 0.03 156.0 ± 2.30 
3  680  10  40.78  12.61  25.92  30.44  31.35 5.661 77.29  31.59 ± 0.22  36.71 ± 0.25 24.66 ± 0.03 74.85 ± 1.77 
4  740  16  38.51  12.19  6.159  16.95  50.33 10.55 86.30  33.28 ± 0.07  38.66 ± 0.08 26.12 ± 0.01 44.22 ± 0.60 
5  800  10  39.49  12.08  3.890  16.56  47.12 15.12 86.92  34.38 ± 0.10  39.92 ± 0.11 25.47 ± 0.02 42.15 ± 0.81 
6  850  10  40.45  11.95  1.779  14.32  83.54 23.24 88.92  36.00 ± 0.05  41.77 ± 0.06 24.86 ± 0.02 35.59 ± 0.24 
7  900  19  40.76  12.08  0.844  12.01  261.8 48.66 90.73  36.99 ± 0.07  42.92 ± 0.08 24.67 ± 0.03 29.62 ± 0.32 
8  950  10  39.42  12.01  0.760  9.197  164.6 64.64 92.50  36.48 ± 0.08  42.33 ± 0.09 25.51 ± 0.04 23.46 ± 0.44 
9  1000  10  40.71  11.89  0.710  7.830  192.1 83.29 93.74  38.18 ± 0.05  44.28 ± 0.06 24.70 ± 0.02 19.33 ± 0.32 
10 1150  14  43.22  12.26  4.573  10.50  115.7 94.52 92.26  39.90 ± 0.05  46.25 ± 0.06 23.26 ± 0.02 24.39 ± 0.24 
11 1350  10  46.93  12.03  11.89  14.85  56.39 99.99 90.10  42.33 ± 0.06  49.02 ± 0.07 21.41 ± 0.01 31.72 ± 0.45 
1 Corrected for backgrounds (mean values in (mol): m/e40 = 1.7x10-16; m/e39 = 9.3x10-17; m/e38 = 5.1x10-17; m/e37 = 7.7x10-17; m/e 36 = 9.7x10-17), mass 
discrimination (measured 40Ar/36ArATM = 293.2 ± 0.7), abundance sensitivity (5 ppm), and radioactive decay (Irradiated: 06-17-2001; Analyzed: 08-26-2001) 
2 Normalized to 100% delivery to mass spectrometer 
3 Includes static line blank 
4 Corrected for atmospheric argon and nucleogenic interferences (40Ar/39ArK = 0.0224;36Ar/39ArCa = 0.0003;39Ar/37ArCa = 0.000769) 
5 Assumes trapped argon is atmospheric. J-factor = 0.006508 (assumes Fish Canyon sanidine = 27.8 Ma) 
6 Corrected for static line blank and nucleogenic interferences 
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Appendix 
Thin Section Descriptions 
 
KE 10 – Quartz arenite 
White quartz arenite that has undergone low-grade metamorphism. There are interlocking 
quartz grains and a pseudomatrix of sericite. The quartz grains are relatively uniform in 
size. 
  
KE 10A – Quartz arenite 
Red-purple quartz arenite that has undergone low-grade metamorphism. Similar to 
sample KE 10, there are interlocking quartz grains and a pseudomatrix of sericite.  
  
KE 11 – Lithic arenite 
Large quartz grains present. Some recrystallized quartz and large and small plagioclase 
grains. Plagioclase is sericitized. Lithic grains in sample and abundant sericite. 
  
KE 12 - Monzogranite 
Contains large quartz, plagioclase, and potassium feldspar grains. Equal amounts of 
potassium feldspar and plagioclase phenocrysts, both greater than quartz. Biotite has been 
metamorphosed to chlorite.  
  
KE 12A – Mafic dike (dioritic) 
Mafic dike (dioritic?) – An igneous rock, possibly diorite, that has been metamorphosed 
under greenschist facies metamorphism. Albite, chlorite, and epidote form most of the 
rock. Abundant iron oxides. Many small, broken plagioclase grains present, almost no 
quartz. 
  
KE 13 – Cataclasite (dioritic mafic dike) 
Cataclasite – Contains plagioclase phenocrysts that have been fractured and strongly 
sericitized. Chlorite is abundant along veins. There is evidence of hornblende altering to 
actinolite. Probably a diorite that underwent greenschist facies metamorphism. 
  
KE 13A – Cataclasite (dioritic mafic dike) 
Cataclasite that is altered more strongly than KE 13. Large plagioclase phenocrysts 
(relics) and small plagioclase grains are euhedral, but highly sericitized. A mafic dike, 
probably dioritic in composition. 
  
KE 13B  Cataclasite (Granodiorite) 
Cataclasite that is altered less strongly than KE 13. Quartz and plagioclase phenocrysts 
present in sample. Many grains appear broken and entire sample is fractured. Plagioclase 
phenocrysts sericitized. Chlorite and iron oxide present along veins.  
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KE 14 – Augen gneiss 
Augen gneiss that is moderately sheared. Quartz and potassium feldspar are abundant 
with muscovite common. Potassium feldspar porphyryclasts are broken. Many 
monocrystalline quartz ribbons. Chlorite and calcite present in veins. Biotite fish are 
present. 
  
KE 15 Augen gneiss 
Quartz and plagioclase are abundant. Monocrystalline quartz ribbons present. Plagioclase 
grains are broken and sheared. 
  
KE 16 – Quartzofeldspathic schist 
Quartzofeldspathic schist made up of mostly quartz. Biotite and muscovite are weathered. 
Minor mica shearing around larger grains.  
  
KE 16A – Quartzofeldspathic schist 
Quartzofeldspathic schist made up of mostly quartz. Muscovite and biotite are weathered. 
Similar to KE 16. 
  
KE 16B – Mylonitic schist 
Quartz is most abundant. Coarse muscovite formed during prograde metamorphism. Only 
small biotite grains present. Evidence of muscovite and smaller quartz sheared around 
larger grains. Deformation occurred around large, intact grains. Few large grains present 
in the entire sample. Shear bands are present. 
  
KE 17 – Gneiss 
Gneiss with subequal amounts of potassium feldspar, quartz, muscovite, and plagioclase. 
Some monocrystalline quartz ribbons. Many large potassium feldspar and some 
plagioclase porphyroclasts which have been broken and subsequently sheared.  
  
KE 18 – “Coarse” schist 
Quartz, plagioclase, and muscovite are most abundant. Muscovite is very coarse and 
deformed. Veins of quartz ribbons are present. Individual shear zones can be seen in the 
sample.  
  
KE 18A – Gneiss 
Gneiss composed of quartz, plagioclase, biotite, and epidote. Sample is highly sheared. 
Mostly a fine-grained sample. Abundant very small quartz grains. 
  
KE 18B – Gneiss 
Gneiss composed of quartz, epidote, plagioclase, and biotite. Some quartz ribboning. 
Biotite is weathered. Much epidote in sample. 
  
KE 18C – Felsic gneiss 
Felsic gneiss consisting mainly of plagioclase and quartz. Abundant plagioclase 
porphyroclasts. The sample is highly sheared. Numerous thin quartz ribbons are present.  
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KE 18D – Gneiss 
Gneiss consisting of quartz, epidote, plagioclase, and biotite. Numerous quartz ribbons in 
the sample which is mostly fine-grained. Biotite is weathered. 
  
KE 19 – Gneiss 
Gneiss composed chiefly of plagioclase, quartz, and biotite. Biotite is mostly rectangular 
and slightly weathered. Minor amounts of quartz ribbons and not much shearing in the 
sample. 
  
KE 19A – Metarhyolite porphyry 
A fair amount of fine-grained biotite, chlorite, and epidote is present in the sample. Some 
large quartz grains occur, but most quartz is recrystallized into very small grains. Large 
plagioclase and potassium feldspar grains are present with the plagioclase sericitized and 
weathered. 
  
KE 19B – vein between gneiss and Slumgullion contact 
Much calcite in sample, both in veins and replacing feldspar. A few small plagioclase 
grains present. Abundant quartz, mostly recrystallized. Some quartz in larger veins. Some 
larger plagioclase grains are stretched and boudinaged. 
  
KE 20 – Mylonitic gneiss 
Mylonite gneiss with an abundance of quartz and muscovite. Some of the epidote is 
zoned. The sample is highly deformed and shear bands can be seen. Numerous quartz 
ribbons are present. The sample is mostly fine-grained. 
  
KE 21 – Gneiss 
Gneiss with abundant potassium feldspar and quartz. Feldspars are broken into smaller 
pieces. Calcite appears in veins. Quartz ribbons are present. A finer-grained sample. 
  
KE 21A – Mylonitic gneiss 
Mylonitic gneiss consisting of quartz, potassium feldspar, biotite, epidote, and muscovite. 
Feldspars are broken and sheared apart. Quartz ribbons abundant. 
  
KE 22 – Quartzofeldspathic schist 
Muscovite, plagioclase, and quartz are abundant. Very large grains of feldspar and quartz. 
Plagioclase has undergone minor sericitization. Muscovite and biotite are weathered. 
Sample has undergone little retrograde deformation. 
  
KE 23 – Quartzofeldspathic schist 
Quartzofeldspathic schist with abundant plagioclase and quartz. The sample is slightly 
sheared as evident by minor ribboning of quartz. 
  
KE 24 – Monzogranite 
Large quartz, plagioclase, and potassium feldspar grains are present. Quartz represents 
the majority of the larger grains.  
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KE 25 – Granodiorite 
Contains plagioclase, quartz, and potassium feldspar grains. Plagioclase grains are highly 
sericitized and make up most of the sample. Approximately equal amounts of quartz and 
potassium feldspar.  
  
KE 25A – Monzogranite 
Large grains includes quartz, potassium feldspar, and plagioclase with quartz and 
plagioclase most abundant. Quartz is recrystallized into smaller grains. Some very small 
quartz grains in veins. Sericite and chlorite are found in veins, inside other mineral 
grains, and inbetween grains. Plagioclase is weathered and sericitized. 
  
KE 25B – Monzogranite 
Contains plagioclase, potassium feldspar, and quartz grains. Biotite has been altered to 
chlorite and calcite is present in veins. Plagioclase is highly altered to sericite and some 
coarser flakes of muscovite. Plagioclase and potassium feldspar are abundant and present 
in equal amounts. Quartz is less abundant. Presence of low-temperature alteration is 
indicated by granular epidote replacing earlier minerals. Rutile in biotite. 
  
KE 26 – Felsic gneiss 
Quartz and plagioclase are abundant. Appears to have undergone brittle deformation. 
Plagioclase is broken into small pieces and has been sericitized. Most of the quartz is 
recrystallized into ribbons. 
  
KE 26A – Biotite gneiss 
Biotite gneiss with abundant quartz and plagioclase. Some of the biotite has been altered 
to chlorite. Plagioclase grains have undergone much sericitization. A few large quartz 
ribbons are present. Sample has undergone some shearing. 
  
KE 26B – Biotite gneiss 
Biotite gneiss with abundant quartz and potassium feldspar. Plagioclase is sericitized. 
Quartz is recrystallized into smaller grains and ribbons. 
  
KE 27 – Mylonitic gneiss 
Plagioclase, quartz, potassium feldspar, and muscovite are common. The sample is highly 
sheared and mostly fine-grained. All the porphyroclasts are broken along with the 
epidote.  
  
KE 27A – “Coarse” schist 
Plagioclase and quartz comprise the majority of the protomylonitic sample. Calcite is 
present in veins. Quartz ribbons and deformation present.  
  
KE 28 – Felsic gneiss 
Felsic gneiss that is almost 100% potassium feldspar and quartz. Potassium feldspar is 
mostly broken. Shear bands of quartz can be seen in the sample.  
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KE 29 – Quartzofeldspathic schist 
A quartzofeldspathic schist with major amounts of quartz, plagioclase, and potassium 
feldspar. Many larger plagioclase grains are present. Muscovite and biotite are common 
in the sample but weathered. Most quartz is recrystallized into smaller grains. 
Protomylonitic. 
  
KE 31 – Metadacite porphyry 
Small grains of tourmaline are abundant. Can see remnants of many grains that appear to 
be mostly plagioclase, possibly some potassium feldspar. Plagioclase grains are highly 
sericitized. A number of large quartz phenocrysts are present.  
  
KE 32 – Quartzofeldspathic schist 
Quartzofeldspathic schist containing an abundance of quartz, muscovite, and plagioclase. 
Plagioclase and quartz show little grain-size reduction, ribboning, or other evidence of 
retrograde deformation. Biotite and muscovite are weathered. Minor deformation in 
sample.  
  
KE 33 – Breccia 
Large angular clasts consist of quartz, potassium feldspar, and plagioclase. Plagioclase is 
very weathered while potassium feldspar is only a little weathered. Most of the larger 
quartz has been recrystallized into smaller grains. Matrix contains much chlorite and 
oxychlorite.  
  
KE 33A – Tertiary volcanic (possibly Jurassic) 
Plagioclase, potassium feldspar, and quartz make up most of the sample. Plagioclase is 
very weathered. Potassium feldspar and quartz are not very weathered. Lots of very small 
quartz and feldspar grains.  
  
KE 33B – Tertiary volcanic (possibly Jurassic) 
Volcanic consisting mainly of plagioclase, quartz, and potassium feldspar. Plagioclase is 
very weathered. A number of small and very small quartz and plagioclase grains in the 
sample. Abundant very small oxychlorite grains.  
  
KE 34 – Quartzofeldspathic schist 
Quartzofeldspathic schist composed of chiefly muscovite, quartz, and plagioclase 
feldspar. Muscovite and biotite are weathered. There is notable squeezing of muscovite, 
etc around large plagioclase grains.  
  
KE 35 – Gneiss 
Gneiss containing an abundance of quartz and plagioclase. Some plagioclase 
porphyroclasts are sericitized. Minor calcite in veins. Biotite and muscovite are very 
weathered. Recrystallization of quartz into ribbons. Sample has undergone much 
shearing. 
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KE 35A – Biotite gneiss 
Biotite rich gneiss – Quartz, plagioclase, biotite, and epidote compose most of the rock. 
Plagioclase grains are highly sericitized. Biotite mostly rectangular and very weathered. 
Quartz ribbons present.  
  
KE 36 – Metadacite porphyry 
Phenocrysts are quartz and plagioclase. Plagioclase is highly sericitized. Matrix 
dominated by fine quartz and plagioclase. Minor epidote replacement of hornblende.  
  
KE 37 – Lithic arenite 
Numerous remnants of lithic grains can be seen. Quite a bit of larger plagioclase in the 
sample along with some larger quartz. Plagioclase has been weathered.  
  
KE 38 – Andesitic tuff 
Phenocrysts are mostly plagioclase and have been sericitized. Matrix is slightly foliated. 
Biotite and chlorite have been metamorphosed. Recrystallized lithic grains appear to 
make up much of the matrix. 
  
KE 39 – Andesite porphyry 
Larger grains are mostly plagioclase and sericitized. Weathered lithics or plagioclase 
make up most of the matrix. Small biotite grains are abundant.  
  
KE 40 – Metadiorite porphyry 
Phenocrysts are almost all plagioclase which have been sericitized. The sample has 
undergone greenschist metamorphism. Chlorite is whitish in plane polarized light 
suggesting a magnesium-rich composition. Saussurite replacement of plagioclase.  
  
KE 41 – Flow-banded rhyolite 
Quartz, plagioclase, and potassium feldspar phenocrysts/clasts are present in the sample. 
Sample is composed of mainly quartz flow-bands. Late quartz veins and cavity fillings 
are present. Sericite in sample indicates low grade metamorphism. Feldspar grains are 
euhedral. 
  
KE 42 – Arkose 
Plagioclase, potassium feldspar, and quartz grains are present. Much sericitization of 
plagioclase. Fair amount of opaque material. 
  
KE 43 – Rhyolite tuff 
Grains of potassium feldspar, plagioclase, and quartz are present. Has a foliated 
micaceous matrix. Contains larger quartz grain. Feldspar grains are broken and 
plagioclase is sericitized. Much sericite in the sample. 
  
KE 44 – Sublitharenite 
Sublitharenite consisting mostly of quartz grains. Lithic grains were at one time present 
and have been sericitized. Quartz grains range from very small to larger sizes. 
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KE 45 – Monzogranite 
Monzogranite – Plagioclase, quartz, and potassium feldspar phenocrysts are present. 
Plagioclase and potassium feldspar make up the majority of the sample. Plagioclase is 
strongly sericitized.  
  
KE 46 – Lithic wacke 
Consists mostly of small plagioclase and quartz grains and lithic fragments. Much small 
biotite and a fair amount of opaque material. Plagioclase is highly weathered and 
sericitized. 
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